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Objective of This Work

To determine polarization observables C, C, andjy for the
final-state interactions in the reaction 7d — KT An.

KT

%
Step1: ¥p — KT A

- -
n Step2: An — An

Study dynamics of An scattering



Outline

Introduction: Why is the An dynamics important?
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Data Analysis: Selection of the reaction and of yields

Results: One-fold and two-fold differential estimates of the

observables
Discussion: What have we learned?

Summary



Introduction



The Strong Interaction

The coupling constant in QCD, a,, depends on the scale

of the strong interaction.
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The Baryon-Baryon Interaction

Examples of low—energy phenomena
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Bottom figure is from Satoshi N. Nakamura.

Many low-energy phenomena can be
described in terms of baryon-baryon
interaction considering baryons to be
elementary particles.

Baryon-Baryon Interactions:
* Nucleon-nucleon interaction
* Hyperon-nucleon interaction
* Hyperon-hyperon interaction

If baryons are non-relativistic, baryon-
baryon interactions can be described
by potentials.



The Hyperon-Nucleon Interaction

The understanding of both hyperon-nucleon (YN) and
nucleon-nucleon (NN) potentials is necessary to have a
comprehensive picture of the strong interaction.

= Composition of dense nuclear matter (neutron stars interior).

= Many-body calculations of hypernuclei.

SU(3
WO ——>n 0O
Very well SU(3) is broken =——> Some free parameters
understood must be obtained from fits

to YN experimental data

YN potential models: Meson-exchange models, Chiral effective field theory.
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How to Constrain Hyperon-Nucleon Potentials

\ /
\ YN Potential

7N
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%
Dynamics of ¥d — KT An

Quasi free Pion mediated
v \/\,>\ Kt g N
\
T
p A N \\\ ’¢’K+
n n N o= A

Kn rescattering
Y
\ +
p \\;K ”¢’K+
n e n

/\n elastic scattering=®constraints on YN potentials
through model interpretation of observables.




Definition of Experimental Observables

General polarized differential cross section for hyperon photoproduction off the nucleon.

do* do

40 on —— (1 £ aPejrcCy cos 0y £ aPripC. cos b, + aP, cosb,)

N\ self-analyzing power: 0=0.642+0.013

A s =
1 i
—_—

N\ Rest Frame m
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%
Theoretical Studies of 7d — KT An

_ _ . do | (dpg dQ dQ,) [nb ¢ [(MeV sr)]
Calculations exist for single and 0% gy

double polarization observables as 10°f
well as the cross section.

0.5

Two YN potentials, Nijmegen NSC97f :

and NSC89, lead to very different ot b
. . . . 0 10 20 30 40 50 0 10 20 30 40 50

predictions of polarization

observables at some kinematics.

Advantage: NSC97f and NSC89 both
reproduce the binding energy of the
hypertriton.
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%
Theoretical Studies of 7d — KT An

Dispersion Integral Method

Allows to extract a spin-average YN scattering length from An invariant

mass distributions. " ‘ ‘ * 1}
s | bt i
« Applied to cross section data of s t R Eﬁﬁﬁ %E il
p— KX %40_ i
Spin-average /\p scattering length: §
a=-1.5+0.15%0.3 fm o
2060 ZI(EEA [MeV] 2100 2120

Similar uncertainties expected for analysis of photoproduction data.

* Ap scattering length by ESC-model:
d;0=-2.20+1.10 fm; a5, =-1.75+0.10 fm
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Figure from: A. Gasparyan et al., Phys. Rev. C 69, 034006(2004).



Experimental Facility



The Continuous Electron Beam
Accelerator Facility (CEBAF)

e Simultaneously provides
electron beams to halls A, B,
and C

* Polarization: Up to 85%
* Energy: Upto 6 GeV
e Currently: 12 GeV upgrade has

been completed and a new hall
D is in service
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The Hall-B Photon Tagger
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Figure from: D. |. Sober et al., Nucl. Instr. Meth. A 440, 263(2000).



The CEBAF Large Acceptance
Spectrometer (CLAS)
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Figure from: B. Mecking et al. Nucl. Instr. Meth. A 503, 513(2003). 16



The E06-103 Experiment (g13)

e Circularly polarized photon beam (g13a)
* E,=1.987 GeV; 2.649 GeV

* Electron beam polarization: [77%, 85%]
* Photon beam polarization: [27%, 80%]

* Target: LD,, unpolarized, 40-cm long

Detected in CLAS

7d — K+Xn
3>p7T_




Data Analysis



Ap

0.2

Particle Identification (PID)

Events with two positively-charged and one negatively-charged

particles were selected for analysis of 7d — KT An.

PID control variable

Aﬁ — 6meas - Bcalc — Bmeas -

0.15

0.1
0.05
0
-0.05

-0.1
-0.15

Proton ID

-0.20

—L"

02 04 06 08 1 12 1

4, (agw&

p: [0.7,0.8] GeV/c

Constant 1.484e+04 = 3.202e+01

Mean

Sigma

-0.003553 + 0.000015

0.008309 + 0.000014

L1

Lo |
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Photon Selection

£ ;10' 7 Electron beam delivered as
§12°°;_ 4 bunches every 2.004 ns
1000:— —: from CEBAF.
S00L 1 High beam current, wide
600 — tagger TDC readout
B 71 window.
400_— ]
200 — On average 14 photons
F | | | | | /1 were recorded for each
o 4 2 0 2 At(ns) event.
[ 2+ 20(cm)
At =t, —ty = (tsc —) — (tracr )

Cﬁcalc C
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Count

Extraction of Final-State Interaction Events

IM = M- = \/(Pp + Px)?

¢ MP=Px(Fd—K*KX)

15010 . 1 2 F ]
B N S 200__ . . ]
- s 8 B Quasi-free mechanism ]
i ] s # of events: 1.9x106 .
100 — 150 —
- M,=1.1157 GeV/c? . ]
i i 100 -
50 — Final-state interactions 5
- . / # of events: 3.1x10° .
i i 50 —
10_ /.”’."T"—’.’/. . l — 1 r i . oL— . . Hl‘““k ..... o | - .
.08 1.1 1.12 Mpn.! (1éev /) 0 0.2 0.4 0.6 0.8 b, (GeVio)
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§1ooo | M,=0.9396 GeV/c?
o

800

600

Physical Backgrounds
(K+ZO, K+z*0' K+Z*)
400

200
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Results



Observable-Extraction Method

The maximum likelihood method was used to extract the observables.
Probability density function defined from the polarized differential cross section:

d . . . . .
L, = 2 (1 + aP.Cypcos b, + aPp,. C,cost, + aP, cosb)

dQO cire
Total likelihood is the product of the likelihoods for all individual events:
nt
logL = b+ Z log[(1 + aPl;,..Cy cos b, + aP;,.C. cos b, + aP, cos b )w']
1=1

C, cos ! + aP, cos Qi)wj]

cire

+ Z log[(1 — aP’. C,cos) — aP’
j=1

- — Al
600{—
= —— Backgrounds . .
500— ? J — L
£ 400 -
g o . | ]
S 0] Signal (N,) =
200— =
1003ackground (N\ .
0 08 09 —oes 1 105 11 - 23




Axis Convention

Data are binned in £, 0, p, Ok, and IM ,,.
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One-fold Differential Estimates

Bin Setup
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Bin-width is chosen so that
all bins have similar statistics.
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One-fold Differential Estimates

C,/C,/P,

C,/C,/P,

C,/C,/P,

1r
. f ¢ ° 5 0 0 o o . ° o . 0.5:_ *te. ° L .
: S F .
oooooo Q 0__ .
g f
.C, o sk
s 0.5¢
F Py - . . . L . . . L . . .
1.]% GeV 2 b 20 . 40 60 < Overall, C, is small and varies
v (GeV) 0, (deg) around 0, Cz varies between 0.4
1r and 0.8, and Py varies between
- e . . - .. -0.4 and 0.1.
D e o0 °°° - 0-5__ Y
B C
<o o
C ) C * The observables have a weaker
g -0.5¢ dependence on E, than on
. . . |- . . other kinematics variables.
0.5 Gl 1.5 20 40 60
p, (GeVic) 0 (deg)

. . Statistical uncertainties:
’ C.: [0.020, 0.045]
Cz:[0.024, 0.051]
Py:[0.016, 0.029]

21 22 23, 24 25
IM,  (GeV/cY)



Two-fold differential estimates

A

Bin Setup in /M, and 0

10

205 21 215 2.0 2.95 2.3 235 2.4 245

25

IM, , (GeV/c

0,
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Cx(lMAm 0 ,/1

Two-fold differential estimates

)9 CZ(IMAm 6”/1)9 anc

oC,
C

oP;

M, : [2.17, 2.23] (GeV/c)HM, : [2.23, 2.31] (GeV/c?

S o
N & N -

C,/C,/P,

1M, ,: [2.31, 2.5] (GeV/c?)

%

20 40

0, (deg)

6(

Statistical uncertainties:
 (.:[0.022, 0.056]
« (z:[0.028, 0.061]
* Py:[0.024, 0.037]

“r’

P (IM,, 0 )

e (C._ is small and varies

X

around 0.

Overall, Cz decreases as
0 ,increases.

Py shows different
variation tendency as 0,
increases for different
IM ,, bins.



Systematic Uncertainties

Source C, C., P,
CLAS Acceptance 55% | 0.3% | 3.5%
Fiducial Cut 0.1% | 0.3% | 0.1%
Photon Polarization | 4.1% | 4.1% | 0%
PID 2.7% | 2.7.% | 0.2%
Vertex Cut 1.4% | 0% | 0.1%
Photon Selection 0.1% | 0.3% | 0.1%
IM Cut 1.4% | 0.7% | 0.3%
MP Cut 0.6% | 0.2% | 0.1%
MM Cut 1.6% | 3.2% | 2.1%
A Self-analyzing Power | 2.0% | 2.0% | 2.0%
Total 81% | 6.2% | 4.6%
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Discussion: Comparison to CLAS glc

Results

M ' | ' ' ' I 1.5_ ' | ' ' ' | ' T
0.4- ) g}g Sg:ﬂll;[: - co8Ox ey, [0.55, 0.75] :
02 —_ | R .
S0y, . . : P
020 b R 5
B 1 b i - g13 Results
-0°4;C0.89KCM:.[O‘.SS’.OJ.S | R N I g1c Results

14 1.6 1.8 14 1.6 1.8
E, (GeV) E, (GeV)

0.4/ ° 913 Results cosOx s [-0.2, f]

- g1c Results

e SR S T +

a”  OF =
0.2 -

-0.4f— .

14 1.6 1.8

C. and C, from Robert K. Bradford
and P, from John W.C. McNabb

* Dataset: CLAS glc
e Reaction: 7p — KT

N

31



Comparison Between QF and FSI

1r T
I é ® o ‘ .
02_ 0.8__ ¢ o o .
I ¢ B ¢
t ; e N
LA S ! 0.6
¥ hd ¢ ° N ® ¢ . > ¢ ¢
SN = . o 3 . J B 'SR NI .
I 0.4-
. -
02~ * FSI 0.2 . FSI
i . . . . I . . . . 1 ..QF 0: . . . . I . . . . 1 ..QF
1 1.5 2 1 1.5
E, (GeV) E, (GeV)
0.4- . FSI * (x: At lower photon energy, there is a big
f «QF difference between QF and FSI. At higher
0.2:— photon energy, the differences are small.
D-T; 0_ e ©° o
- . e * (Cz: QF values are close to 1, and are
'0-2:_ . R S systematically larger than FSI.
04~ °
1 | ' « Py: FSl values are larger than QF values for

15 2
E, (GeV) all E,. 32



Effect of Missing Momentum Cut

cosOxy,: [0.15, 0.35]

0.2: o E:[1.4,15]GeV

: e E:[15,1.6]GeV]

0.15- E,:[1.6,1.7] GeV|
B 1
Ox 0.1} °
0.05- ! } }

b 005 01 o015 02

p, (GeV/c)

-0.2: o E:[1.4,1.5]GeV

- o E:[1.5 1.6]GeV

-0.25- 'll . E,:[1.6, 1.7] GeV
Q_>‘-0.37 °
O | i
-0.35 I

V005 01 o5 o2

1,
[ | |
0.9 * ! |
0.8 |
%% 005 01 o015 02
p, (GeVic)

The missing momentum is cut
within different ranges are not
overlapping: 0 - 0.05 GeV/c,
0.05 - 0.1 GeV/c, and 0.1 — 0.2

GeV/c.
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Effect of the Quasi-free Mechanism

1.5 2
i, (GeV)

0.2
07 ' P . ¢ ¢ 0 ° o
e Quasi FSI
-0.2- e Clean FSI
1 1.5 2 2.5
EY (GeV)
0.4/ * QuasiFSI
0.2| * Clean FSI
020 ettt .
04"
2.5

e Quasi FSI

e Clean FSI

0_| )

1.5 2 2.5
E, (GeV)

Observables are extracted from two simulated

samples:
 Sample 1: Clean final-state-interaction
events

 Sample 2: Sample 1 plus a small sample of
guasi-free events

Sample 2 is smeared with 12% of the quasi-free

mechanism
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Theoretical Predictions and Data

K. Miyagawa et al., Phys. Rev. C 74, 034002 (2006).

03 L, 03—
02 N | 027 C + 3
0.1F % 0.1 X + ]
0.0 07 + E
o1} o1 H ]
02F 0.2 E
031 -0.3 FSI -
000 0 w0 5010 30 30 40 50

LE,=13GeV

0.8 | px =870 GeV/c _

0.6 [ e ]
04} ;
02} ]
%000 30 w0 50 %10 20 30 40 S0
0.5 e —
Py g4 h ;
0.0 \ o , ]
L p i AR + ]
03¢ 105 E -138GeV
] - px = 856 GeV/c |
0, =232 i
'1.0 o b e b b by
o 10 20 30 4 50 “H770720 30 40 50
0, 0\
E,=1.3GeV,

p =900 MeV/c,

6,=17 deg

Due to limited statistics, in a small range of
kinematics, the background subtraction
method is not applicable, and yields are

extracted by means of a missing-mass cut.

Four-fold differential estimates can be
obtained with reasonable statistical

uncertainties.

Qualitative comparison of general features

only

* Data: FSI, Model: QF+FSI

eK,Data > eK,Model

Range: E, . [1.1, 1.5] GeV, p,.[700, 1150] MeV/c, 6,. [14, 27] deg
Average: E, = 1.38 GeV, p,= 856 MeV/c, 6, = 23.2 deg
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Data for An Scattering Length Determination

S
%0 -

S 2
= >

a_III|III|III|III|III|III|III|III|III|III

Observables
S
S

S oSS
R WS

++;++ ¢ ¢ 0
¢ ¢ %

oCX

C,

...|....|....|....|....|....|....|....|...'Py

2.055 2.06 2.065 2.07 2.075 2.98 2.085 2.09 2.095 2.1
IM,  (GeV/cY)

b2

Offer an opportunity to extract a spin-average An scattering length
using Gasparyan’s method.
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Contribution of QF in FSI Sample

Cut (GeV/c) 0 f pesh
0.20 1.27% | 31.39% | 10.19%
0.25 1.86% | 18.78% | 15.09%
0.30 2.53% | 11.83% | 20.85%
0.35 3.26% | 7.85% | 27.44%
0.40 4.04% | 4.94% | 32.69%

d : FSI contribution for data sample with missing momentum less than cut point.
f :QF contribution for data sample with missing momentum larger than cut point.
lost

Prgr: How much percent of FSI events will be lost after applying missing momentum
cut.



Summary

First estimates for the polarizzgﬁon observables C,, C,, and P, for the final-
state interactions in 7d — Kt An were determined.

One-fold, two-fold, and four-fold differential estimates were obtained.

FSI and QF were separated, and the corresponding observables were
extracted.

Effect of FSI on the observables were studied.

Data points of this work will be used to constrain free parameters of YN
potentials and to extract a spin-average value of An scattering length.
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Data Analysis: Vertex Determination

Distance Of Closest Approach Vertex Cut
L1

X
-
(=]
W

S

Counts

P1 300

o
o
K
S

L2 50
P2

-
-

R R B B Lo
-30 -20 -10 0 10
Z-component of Vertex (cm)
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Electron Beam Polarization P,

Data Analysis: Photon Polarization

The electron polarization for some special runs The polarization of the

were measured by the Mdgller polarimeter. photon beam was calculated
using the Maximon and
Olson relation

1 /
M - hwp=in o E'Y(E t3b ) Pe
~ citr ——
88— 2 2 _ 2 !
- ’ } - hwp=out I sk
86__ ] o 1; T T
- % Il l { + 1 & 09 %
84— I l —  08F =
- E.: 2 GeV 2.65 GeV - 0.7 =
2 Wien-angle: 92.246° 08040 000430 0 E
s b o E
- l i [ | , ] 0.3; =
"t ! 'T Pt i ERES
76:_| I I I I I } I _: 0.1§ | | | | | | | | |
53200 53300 53400 53500 53600 53700 53800 % 017027037 04 05 06 07 08 0

Run number
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Background Subtraction

E, vs MM

T

== in:
s

5

g

1.3 1.4
MM (GeV/c

1.2

1.1
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Background Subtraction:
Procedure of Simulation

e Generator for different channels

Channel First step Second step
Quasi-free for signal vp — KTA | nis spectator
7V mediated for signal yn — mn mp — KTA
7+ mediated for signal vp — mtn — KTA
Kn re-scattering for signal vp— KTA | KTn— K™n
An re-scattering for signal vp — KTA An — An
>.n re-scattering for X production vp — KT% >n — Xn
Quasi-free for X production vp — KT Y — Ay
Quasi-free for ¥*Y production vp — KT¥*0 Y0 5 Arn
Quasi-free for X*~ production yn— KtYX* | Y* — An—

 Raw data after generated data processed through GSIM
e Skimmed data after filtering raw data
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Background Subtraction:
Comparison Between Simulated and Real Data

IIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
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Background Subtraction:
Distribution of Accidental Events

MM for different accidental tracks: * The accidental track was produced randomly

Accidental kaon: /(5 +fa — ... — Bp — Pr-)? to replace the corresponding track of our

Accidental proton: \/(, +u— px — Fr... — bx)? reaction, such as kaon, proton and pion.

Accidental pion: \/(ﬁ PP P07 ) * The missing mass was then recalculated using
vy p Tace

the information of the accidental track.

— Accidental kaon

— — —— Accidental proton
Accidental pion

_JIL

counts

160

140

120

100

80

0.85 0.9 0.95 1 1.05 11 1.15
MM (GeV/c?)



counts
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Background Subtraction:
An Example for One Kinematic Bin

MM = \/(By +Pa — Pic+ — By — Pr-)?

M, =0.9396 GeV/c?

0.85 0.9

0.95

300

200

100

ol L . | I S S R
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TllllllIII|IIII|IIII|IIII|IIII|I

e 0 | ol

R
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Physical Background

1.05

1.1
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Extraction of C, C_, and Py

 The maximum likelihood method was used to extract the observables.
Probability density function defined from the polarized cross section:
Li=c" (1% aP.,.Cycosl, + aP,;..C,cosb, + aP, cosb,)

Total likelihood is the product of the likelihoods for all individual events:

+

T
— Al

— Backgrounds

logL = b+ Z log[(1 + P, .Cycos 0, + aPy;,..C, cos 0, + aP, cos0; )w'] w0 W = (All - Backgrounds) / Al
1=1 3

circ

Z log[(1 — anirch cos Hi —aP’. O, cos 0‘; + aP, cos Qi)wj] 7
j=1

 The maximum likelihood method has advantages compared to binned
methods.

Simultaneous extraction of polarization observables.
Reliable extraction even with a small number of events.

Bias is negligibly small, while bias of observables extracted from a binned
method is much larger.
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Extraction of C, C_, and Py

The maximum likelihood method was used to extract the observables.
Probability density function defined from the polarized cross section:
Li=c" (1% aP.,.Cycosl, + aP,;..C,cosb, + aP, cosb,)

Total likelihood is the product of the likelihoods for all individual events:

+

logL = b+ Z log[(1 + aP,.Cy cos . + aP?, .C, cos . + aP, cos «9;)wi]

c
=1

circ circ

Zlog[(l —aP? Cycosbl —aP’. C,cost? + aP, cos Qi)wj]
j=1 L L B B AR L

—All
600

— Backgrounds

500

400

W = (All — Backgrounds) / All

Counts

300

200

100

0

0.85 0.9 0.95 1.05 1.1 - 48



Observable-Extraction Methods

e One-dimensional fit:

YT -V~ ffd“ d(costy)d(cosb,/,) — [ [ 22d(cosby)d(cosb, ;)
Y+t +Y- ff dol d(cos,)d(cos b, ,,) + [ [ L=d(cosh,)d(cos b, /,)

Asym = = aPircCy ). c080, ),

. Two-dimensionalﬁt'
Yt Y-~ fd" d(cosb,) fda d(cosb,)

Yt+Y- dgg (cosby) f do d( cos0,)

= aP.;.Cpcosb, + aP.;..C. cosb,

Asym =

Maximum likelihood Method:

d
PDF = d—; (1 £ aPeir.Cycos by £ aPpir.C,cosb, + aP,cosb,)
|lunpol



Results for C, and C, from Different Methods
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Comparison With glc Results
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Simulation Study to Understand Different Methods

A study was used to evaluate potential bias of the maximum likelihood
method and the binned methods.

6000 different experiments, with 10° events in each experiment, were

generated according to the differential polarized cross section with realistic
values of C,, C,, and nyoer — KT A.

Generated data were processed through GSIM and gpp.

After raw data were skimmed, the observables were extracted using the
maximum likelihood method and the binned methods.
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Simulation Study to Compare Different Methods
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Asym

Examples of 1D Fit
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Why is the Bias Small for C_from 1D Fit?

In the spherical coordinate system:

cos 0, = sin 6 cos ¢ cos? 0, + cos? 0, + cos? 0, =1
cos 8, = sin ¢ sin ¢
cosf, = cosd 0., Qy, and @, are not independent.

Event yield: Y*(6, ¢) = N,YiNTai(H, »)A(0, ¢)
Integral over ¢: Y*(0) = ¢(A(0) £ aPrircCy sin A, (0) + aP.;y.C, cos 0A(0) + aP,sinfA,(f))

YT -Y~  aP.y.CypsinfA,(6) + aPi.C. cos §A(0)
Yt+Y- A(0) + aP,sinfA,(0)

C.| << |C.1,1P,) < |C.]

Asymmetry: Asym =

Generally,

Therefore, Asym ~ aP,;..C. cos0,



Why is the Bias Large for C_from 1D Fit?

0q ©
Spherical coordinate system for the convenience of C, analysis; . ,
cosf, = cos S o P ;o
cos 6, = sin  cos ¢ op b tof
cosf, = sinfsin ¢ s
e
Yt -Y~  aP..CycosfA(f) + aP..C.sinfA,(6)

Asymmetry: A = —
Yy Y sym Y+ 1y- A(Q) + aPy sin HAy(Q)

In general, C, is small relative to C, and P, so C, and P, terms do not cancel.
Therefore, the asymmetry for C_ is not a linear function of cosd..

* The effect of acceptance cannot be ignored in 1D fit, especially for C..
* Thessituation with P, is somewhat in-between C, and C, if it’s extracted by 1D fit.

» 2D fitting can reduce the effect of the acceptance to some extent.



Effect of Missing
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The missing momentum was cut at
points 0.2, 0.1 and 0.05 GeV/c.



Results: Axis Convention of the Quasi-free
Mechanism




C/CP,

Results: Results for the Quasi-free
I\/Iechanlsm
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Results: One-fold Differential Estimate
of C_for the Final-State Interactions

02 02
: + + b + . ¢ ) | + + ¢ + *
Ux 0? . LI LI Ox 03\.}. ¢ , ;
_0_2; ) * FSI _0'2; * FSI
o *QF o *QF
1 2 0 20 40 60
E, (GeV) 6, (deg)
0.2- 0.2- P
: + + : ® % ° +
PO ) A $
» IS ¢ e » | )
(@] 0 % @] 0
i ¢ L]
-0.2 * FSI 02- * Fsl
\\\\\\\\\\\ ° QF i L | L L L | L L L ° QF
0.5 1.5 20
p (GleV/c) Bk (deg)
0.2
r s 9 i ¢
J 0 fe i
L + I ..
-0.2- "Fsl
wwwwwwwwwwwwwwwwwww ° QF

2 21 22 23 24 25
IM, _(GeV/c?)



Results: One-fold Differential Estimate
of C_for the Final-State Interactions
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Results: One-fold Differential Estimate
of Py for the Final-State Interactions
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Two-fold differential estimates
Cx(Eya 9,/1)9 Cz(Eya (9’/1)9 and Py(Eya 9/1)

e © ° ; : _ g ° ¢ s
' E:[09,1.3]1GeV || E:[1.3,1.5]GeV
o : : ° $ ‘. ° . .
 E:[15,171GeV || E:[1.7,19]GeV
> 1 'Cx
&N 005_ ¢ :. ¢ e CCZ
Q O :.: : ] oPy
J-0.5¢
. E,:[1.9, 2.6] GeV

V20 40 e



Results: Two-fold differential estimates
Cx(pKa 6/1)9 Cz(pKa (9’/1)9 and Py(pKa 9/1)
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Results: Two-fold differential estimates
Cx(eKa (9’/1)9 Cz((gK: 9’/1)9 and Py(QKa 9/1)
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Results: Two-fold differential estimates Bin
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Discussion: Effect of Missing
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The missing momentum is cut within different ranges: 0.2 - 0.1

GeV/c, 0.05 - 0.1 GeV/c, and 0 - 0.05 GeV/c.



Discussion: Examples of 1D Fit
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A study by simulations is used to test if statistical uncertainties of the

Statistical Uncertainties

observables extracted by a computer program are reliable.
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