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Outline Introduction Analysis Systematic Error Summary

Motivation

Heavy Quark Effective Theory

:{ Heavy quark physics plays an important role in testing the Standard Model and
| searching for new physics. This study is concerned on the measurement of inclusive

branching fraction(BF) of Af = A + X, which can be used to test the Heavy Quark
Effective Theory (HQET).
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Motivation

PDG Results
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The averaged BF in the latest PDG is
(35 11)%, of which the uncertainty is
relatively large and the result is relative to

Decay modes

Branching fractions

AF = Art

A} — Anta®

AY = Artata—

A 5 Antata—q0

AF = AKHEO

Ar — i+, £0 5 ~4A

AF =5 D0rtp0 B0 o 40
A 5 20rtrtr=, 20 5 9A

(1.46 £ 0.13)%
(5.0 + 1.3)%
(3.59 £ 0.28)%
(2.5 + 0.9)%
(6.4 £ 1.3)x10"3
(1.43 £ 0.14)%
(2.5 £ 0.9)%
(1.13 £ 0.31)%

|
|
|
|
|
|
|
the B(A"C', N pK_T[+). | AF - EOK+, E0 5 Ar? (5.3 £ 1.3)x10~°
I A - Z2"Ktat, 20 - An— (7.0 £ 0.8) %1077
: Ar = AKH (6.9 £ 1.4)x10~*
| Ay 5 XOK+ 50 5 4 (5.7 £ 1.0)x107*
The summary of the BFs of known decay | A¥ S Al (28 + 0.4)%
+ . . | Total (22.35 + 1.93)%
modes of Ay = A + X is not consistent | TR T P <20
with the inclusive measurement. I AY = AK*atas <6 10~
N / Ar — Apt < 6%
Table 1: Summary of the known decay modes of A, = A + X.
CP Violation
SO e \
. . . . . . ]
. In c-quark sector, the contribution to CP violation from the CKM mechanism is small, |
| . . . .
' which makes it an excellent place to look for new physics(NP). Precise measurement of |
|
| . . . ..
\_the CP violation parameter in charm sector is important. )
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Outline Introduction Analysis Systematic Error Summary

Apparatus and samples

- Beijing Electron Positron Collider (BEPC)
-+ ‘ . -~ . . >~ =

- = O -5
T i SO e S e
¢~~ .5‘1'.— ',"\ \/

BEPCII & BESIII

| 2004: start BEPCII construction
2008: test run of BEPCII
2009-now: BESIII data taking
4 Beam energy: 1.0-2.3 GeV
Design Luminosity: 1x10* em-3s™!
Achieved Luminosity in 2016:

—_—_—————e—_e— e —— —

" Data sample : 0.567fb 1 at /s = 4.5995 GeV (2014). |
| |
' |
i MC sample : inclusive MC at v/s = 4.5995 GeV. |

|
. (including the process of A¥Az,7*t~, D/Ds+ X, qq, ISR) |
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Outline Introduction Analysis Systematic Error Summary

Method

Double tag

Obtain the efficiency of A directly from data sample,

[ |
| |
|

| instead of from MC. i
:\ Control sample:  J/¥ - pK*A and c.c. |

—_—— e e

—_—————e—,e—e—e—,e—,e—,e—ee—_e—e—e—_ e e e —

Divide the control sample into sample into 4 X 4 E
p — |cos@| bins to obtain the efficiency. |

S
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Analysis procedure

Formula

Work flow

Page Up
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fraction

Branching 1

STONE
Sieé?i? S }—" Tag yields ]7
Estimate .
| background > Signal yields ]7
Control Efficiency
sample
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Outline Introduction Analysis Systematic Error Summary

Reconstruction of A:

| Fit for AE distribution of A, — p K°® | | Fit for AE distribution of A, - p K’ 1"
-~ 100 —
p AE Cut: [ -0.021, 0.019] GeV - AE Cut: [-0.020, 0.015] GeV | L
g | § »-
= ¥ =
£ I £ “
g oo g
w : w 3p0
a0
& 200
20 I l 100 l
b '
-3.05 0.04 003 002 001 0 001 0.02 003 0.04 0.05 -g —‘ 002 001 0 0.01 0. X - 0.05
AE (GeV) AE (GeV)
AE:[—0.021GeV,0.019GeV] AE:[—0.020GeV,0.015GeV]

The signals are fitted by Crystal Ball function convoluted with a Gaussian
function, while the backgrounds are described using polynomial function, 30 cut

criteria 1s taken.
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Outline Introduction Analysis Systematic Error Summary

Reconstruction of A:

Background study

We generate fake data to study the origin of background. The fake data is
produced by sampling from the inclusive Monte Carlo, each process has been
scaled to be corresponding with the luminosity of data at +/s = 4.5995 GeV.

' M, distribution of A_ |

From the figure, we can see that 1206 = qu: 676
. gttt 0
there are no peaking -— B R 7

background events in the My,
distribution of tagged A.. We
can use Argus function to

describe the background.

1000

800

600

400

200

II]IIIIIII|III|III|IIIIIII|I

Pl =
e

225 2.255 2.26 2.265 2.27 2.275 2.28 2.285 2.29 2.295 2.3
M, of A, (GeVic?)
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Outline Introduction Analysis Systematic Error Summary

Reconstruction of A

Tag yields

[Fitfor M,_of A, 5P K’ | | Fit for My, of A, - pK
> Nsig = 1220 +/- 37 gm Nsig = 6088 +/- 85
§ 160 Nbkg= 44+/- 11 8 700| Nbkg= 280+/- 28
g’“o- Signal Region: [ 2.282, 2.300] GeV/c* 3 il Signal Region: [ 2.282, 2.300] GeV/c*
% 120___— g -
g 100 2
(T w 400
300
60
40 200
20 100
2.0255 226 2.265 2.27 2275 228 2285 229 2295 2.0255 265 227 2275 2.28 2285 229 2295 i
M,. (GeVich) M,. (GeVic)
The signals of A, are fitted by the
b 1 s x€ / M, e .2 ie S
shape obtained from signal Monte Tagmodes ARG  Me(GeV/c) Ywlds
Catlo. while the back 1 A- >pKY  [-0.021, 0.019] 2082, 2300 220E7
arlo, while the backgrounds are A- 5 pKtr—  [-0.020,0015] 0 E 6088 + 85

described using Argus function.

-
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Reconstruction of A

Background study

| Fit for invariant mass of pr~ | | M, distribution
; E Mean = 1,11593 +/- 0.00001 ‘ 70— T B AIA: 1348 qq: 179
3180005 Sigma = 0.00231 +/- 0.00006 = ; B 0
¥4 Nsig = 147884 +/- 435 [ 2o .
216000 — Nbkg = 2120 /- 114 60: : 61 ISR: 3
o Signal Reglon:[1.111,1.121] GeV/c® -
8 14000 Sideband 1:[1.096,1.106] GeV/c? 50~
= L Sideband 2:[1.126,1.136] GeV/c® E
~12000— e e r
P [ 40—
£10000- E
ol |
2 8000 30
w I =

60005 sideband 1| 'sideband 2 20—

4000+ =

2000/ 10— |

O T105 11 1415 25 1 Omﬂmﬁ‘m'm . fl I
: : . = A2 11425 MGS V}i:l;s 11 1105 111 1115 112 1.125 113 1.135
M. (GeVic’) M, (GeVic?)

We take a look at the distribution of M, in fake data and find that there are
peaking background events in the signal region.

-
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Outline Introduction AEWSTS Systematic Error Summary

Reconstruction of A

Background study

| M, v.s. M, scatter plot | |Fit for M, of A, |

— N, = 7306 +- 82

g 900 HM°= 326 +- 30

= N, yonang = 566 +- 24

8_ 800| Signal Region: [ 2.282, 2.300] GeV/c?
=] Sideband Region: [ 2.255, 2.275] GeV/c?
== 700| ratio = 0.58 +/- 0.06

Illl'llllllllllllllllIIIIIIIIII

Ll
1.135

0 O 1 I I 1 T ) P

LAI :L L.J. ; 1 ] ! \ i J.‘ d i =) ! | - - - O - - - - -
1105 1.1 11415 112 1.125 113 e —
M, (GeVic) 2255 226 2.265 2.27 2.275 2.28 2.285 2.29 2.295

M, (GeV/c?)

2 L%, L P 3= =51 ra-dopacyordopapy

N

)

a
IE

-
-

Nsig = Ng — (Ny+ Ng)/2—1r -Np+71-(N-+ Ng)/2

The normalization factor between the sideband region and signal region of My, is
estimated to be 0.58 £ 0.06. <:|
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Reconstruction of A

Signal yields

| Fit for invariant mass of pr~ | | Fitforinvariant mass of pn” |
N 70 Nsig= 752+/- 38 N S Nsig= 24+- 5
e _F Nbkg= 79+/- 8 8 Nbkg= 9+- 2
o 60:— o 5
2 = g o
® [ C
> 40F * E
1] - o 3
| |
E 2 o L ®
20f |||||||
R A O | 22 (A i
o . "W (AL e HW“UW (T
-"-A!'-;"! Whylk ; At .1 y 3 b P I T et o RS HH‘h I|'l'hll|r|rurnnmv1umnnn- ||||||||||||||||||||||||||||
11 1105 111 11415 1.12 1125 113 1535 11 1105 111 1115 1.12 1125 1.13 1‘&35
M, (GeV/c) o (GeV/c?)

(a) 2.282 < M. < 2.300 GeV /c2. (b) 2.255 < M, < 2.275 GeV /c2.

The signal yield is summed to be Ng;; = 706 + 29, which is consistent with result
obtained by directly fitting the invariant mass of pz~, which is N, = 738 £ 38. ]
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Outline Introduction Analysis

Efficiency of A

Control sample

J/W¥ - pK*A and c.c.

The requirements to select out

the control sample are:

Selection of control sample
- kaon PID:

prob(K) > 0.01, prob(K) > prob(m), prob(K) > prob(p)

- proton PID:

prob(p) > 0.01, prob(p) > prob(m), prob(p) > prob(K)

- Recoiling mass of pK~: M- € [1.094,1.138] GeV /c?

Page Up
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Systematic Error Summary

Recoiling mass of p and K.

518000 Mean = 1.11674 +/- 0,00002
2
A £
216000 Nbkg = 42030 +- 219
3 - Signal Region:[1.094,1.138] GeV/c3
51 4000—
2 r
£12000
w
10000—
8000 —
6000
4000/
2000
- P ! | T dtemanl iRy B
‘POG 1.08 1.1 1.12 1.14 1.16

.

= -
& 18000

Events / ( 0.0003333
- -
5B
S S

é-ﬁ
o

Mass (GeV/c?)

' Fit for invariant mass of pr° |

Mean = 1.11506 +/- 0,00001
Sigma = 0.00269 +/- 0.00005
Nsig = 147884 +/- 435

Nbkg = 2120 +/- 114

Signal Reglon:[1.111,1.121] GeV/c’
Sideband 1:[1.096,1,106) GeVic?
Sideband 2:{1.126,1.136] GeVic? |

~sideband 1| jsideband 2|

11 1105 111 11156 112 1125 113 1.1;5
M, (GeVic))
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Efficiency of A

Introduction

We also divide the control sample
into 4 X 4 bins according to the
recoiling momentum and |cosé| of of
p and K, then fit the recoiling mass
to obtain the number of control

Analysis

Systematic Error

[ "Reconstruction efficiency of A |

Summary

[ Reconstruction efficiency of A |

o 08 = S—
nj[ P: [0.00, 0.30] GeV/c msE P: [0.30, 0.50) GeVic
04l 0.4
0.3 [[F:| R S—
02f- 02
0 01

b ob-
g2 L X oy L

1
cosf

(a) 0.0< p<0.3 GeV/e

sample in each bin. The number of [ ssconsirucion sticisneyers |

reconstructed A in each bin is
obtained by subtracting the
number of events in sideband
region from those in signal region

OfMA.

Page Up
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(b) 0.3 < p < 0.5 GeV/e

[ Reconstruction efficiency of A |

w 06 w 0B
0.5 P: [0.50, 0.70] GeV/c [X] P: [0.70, 1.00] GeV/c
0.4 ! 04— ———
—_— F T
0.3 0.3
0.2 0.2f
0.1 0.1
ur of-
-0.1 1 L L 1 L I P | -0.1 L 1 L 1 M
] 0.2 0.4 0.6 0.8 1 X 0.2 0.4 0.6 0.8 1
cosf cosb

(¢) 0.5 <p< 07 GeV/e
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Summary

Efficiency of A

The distribution of momentum and polar angle of A in the control sample are different

Analysis

with those in the process of Ag = A + X, which may cause difference in the

reconstruction efficiency. We re-weight the control sample to make sure that the

distribution of p—cos8 are the same with those in the process of Af = A + X, as shown
in the backup slides.

€data (7o) F(GeV/c)
|cos#)| (0, 0.3) (0.3, 0.5) (0.5, 0.7) (0.7, 1.0)
(0.00, 0.20) | 8.64+0.23 29.52+0.36 36.124+0.39  40.52+ 0.57
(0.20, 0.40) | 8.50+0.23 28.77+0.36 35.71+0.39 40.24 +0.56
(0.40, 0.65) | 8.14+0.20 2692+ 0.31 34.06 +0.35 38.05 + 0.50
(0.65, 1.00) | 4.69+0.13 1538 +0.19 20.90+0.23  25.69 + 0.36
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Result

BF without systematic error

Then the branching fraction of A¢ = A + X is calculated to be:

B(At>A+X)=(37.0+22)%

-
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Input-output check

Introduction

Analysis

Result from fake data

Fit for AE distribution of A, - pK®

)
8

AE Cut: [ -0.017, 0.017] GeV
§
100

Events / ( 0.001

t o 3 et Ll

Fit for AE distribution of A, » p K"«
= 700
AE Cut: [ 0.022, 0.016] GV

Events / ( 0.001
g§ &8 8

B

g
-

S, ¥

:
Bos 004 003 002 001 0 001 002 0.03 004 0.05

AE (GeV)
(a) AE for A7 — pK?
Fit for M,_of A, — p K®
§ 240 Nsig = 1280 4/ 39 )
S 0 Nbkg= 774 12 »
© 200 gional Region: [ 2282, 2.300] GeVic?
= 180
g 160
g 140
W 420
100
80
60
40
20 v " v

9255 226 2.265 2.27 2.275 2.28 2.285 2.20 2295 23

M, (GeV/c?)
(¢) My, for A\( o ﬁl\'g-

0.01 002 0.03 004 0.05
AE (GeV)

(b) AE for A7 = pK+n~

o it
.05 -0.04 -0.03 -0.02 -0.01 0

FitforM,_ of A, > pK' x|

"y Nsig = 6795 +/- 96

Nbkg = 1037 +/- 38

Signal Region: [ 2.282, 2.300] GeVic*

(=3
S1000

Events /(0.
8

§ 8

8255 226 2265 227 2275 228 2285 220 2.205 23
M, (GeVic?)
(d) My for A7 = pK*r

Systematic Error

Summary

Tagz modes AFE(GeV) My, [ GeV/c?) Yields
A7 = pKY [-0.017, 0.017] C 1280 £ 39
oS " 12.282, 2300 ‘
A7 = pKtr— 0,022, 0.016] © 679596
Edata(¥0)
|eesd P GeV/c)
(0.0, 0.3) (0.3, 0.5) 0.5, 0.7) (0.7, 1.0}

(0.00, 0.20)
(0.20, 0.40)
(0.40, 0.65)

773+ 0.16
719+ 0.16
G.84 + 0.14

27.23 £ 0.26
26.65 £ 0.26
24.56 + 0.22

34,43 £0.29
33.48 £0.28
31.50 +£0.25

38.16 + 0.40
37.53 £ 0.39
35.08 £ 0.34

(0.65, 1.0} | 3.71£0.09 1338 £0.13 18364015 21.924+0.22
f\"«a;nmr
|cosd P GeV/ie)

(0.0, 0.3) (0.3, 0.5) (0.5, 0.7) (0.7, 1.0)
(0.00, 0.20}) T8+ 48 402 £ 8.7 56.8 £ 9.6 37.6 £ 89
(0.20, 0.40}) 5.4 £ 4.4 30779 56.2£ 89 G63.8 £9.6
[0.40, 0.65) B.T+4.7 57198 T5.6 4+ 10.5 46.7T £ 8.9
(0,65, L.o0} | —1.1X3.9 34.7TL8.1 56.5£9.1 36.8 £ 8.8

Binput = 33.2%

Boutput = (30.7+£2.5)%

-
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Systematic Error

4 4 )
Fitti f :
itting o the W St dlpe
| tagyields L y
[ Choice of the | f Fittine rance |
| sideband region | L e )
[ Systematic ]7 [ Statistic of the | [ End point of |
Etror | control sample | Argus Function |
4 )
The size of bins
- J

£ Tag bias of
| A's efficiency
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Systematic Error

Fitting of tag yields: signal shape

The signal shape we used to fit the Mp of K; is obtained from signal Monte Carlo. To
estimate the uncertainty due to the choice of the shape, we change the signal shape used in
the fitting procedure and regain the tag yields.

|Fitfor M,_of A, >p K’ | | Fit for M, of A, P K
g Nsig = 1221 +- 36 g Nsig = 6018 +- 83
g 160| Nbkg= 43+- 8 S jo0| Nbkg= 350+- 22
g 140| Signal Region: [ 2.282, 2.300] GeVic® g Signal Region: [ 2.282, 2.300] GeVic®
—_— E — 600
=~ 120f = .k
vg o vg 500}~
@ 100 @ o
> o > E
o 4001
w sof i E
60 300¢-
aof znn—
20fF 100 l l
ﬁ_ T T e
2255 226 2.265 2.27 2275 228 2285 229 2295 23 2255 226 2.265 2.27 2275 228 2285 229 2295 23
M, (GeVic M, {GaWcT’)
A— =0 A— H5K+ta—
(a) A7 — pK{ (b) A, - pK*nr

Signal shape Yield(AZ — pK2) Yield(AZ —» pK*n~) Total yields
signal MC 1220 £ 37 6088 £ 85 7308 £ 93
CB + Gauss 1221 £+ 36 6018 = 83 7239 £ 90

The systematic uncertainty due to this is 0.94% relatively.
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Systematic Error

Fitting of tag yields: fitting range

We also try different fitting range to see if there are any changes of the tag yields. The
range of My 1s changed to [2.255,2.300] GeV /c? and the fits are redone.

| Fit for M,_of A, > P K° | | Fit for M,_of A, 5P K’ |
- Nsig =1219 +- 38 = 700[ Nsig=6082 +- 88
é 40| npkg= 45+ 12 é o0 Nbkg = 286 +/- 32
g 1z0| Signal Region: [ 2.282, 2.300] GeVic? g Signal Region: [ 2.282, 2.300] GeVic®
I = so0f
100— o
i i
& @ F
60 m:
40 200F
20 l l 1on;
;.za 2265 227 2275 228 2285 229 2295 ;.25 2.265 227 2275 2.28 ‘2.255
M, (Gaw’:ﬁ “Iu: {GG\H 21;
(a) A- — pKY (b) A= = pK*+7—
Fitting range( GeV/c?) Yield(A7 — pK?2) Yield(A7 — pK*n~) Total yields
[2.255,2.300] 1220 £+ 37 6088 + 85 7308 £ 93
[2.260, 2.300] 1219 £+ 38 6082 £ 86 7301 +94

The systematic uncertainty due to this is 0.10% relatively.

Page Up

Page 20 Next Page
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Systematic Error

Fitting of tag yields: endpoint of Argus function

The endpoint of the Argus function is set floated now, we fix it to the beam energy 2.2995
GeV/c? and redo the fit to see the influence on the tag yields.

| Fit for M,_ of A_ > K" | | Fit for M,_of A; = p K n'|
i Nsig = 1223 +/- 37 v Nsig = 6103 +/- 84
§ 160| Nbkg= 41+ 10 g 700| Mbka= 265+ 28
g 140| Signal Region: [ 2.282, 2.300] GeWc® g 00 Signal Region: [ 2.282, 2.300] GeVlc®
~ 120/ < E
£ £
& soF ] mg—
@ onf-
40 200~
20 l 100F- l
2255 226 2265 227 2275 228 2285 229 2295 23 2265 226 2265 2.27 228 2285 2.29 “ 3
M, (GeV/c M, ( GaWcI’)
(a) 1_\; - ﬁKg. (b) J'TLC_ — pKtn~
Argus function  Yield(AZ — pK2%) Yield(A7 — pK+r~) Total yields
floated endpoint 1220 £ 37 6088 £ 85 7308 £ 93
fixed endpoint 1223 + 37 6103 = 84 7326 =93

The systematic uncertainty due to this is 0.98% relatively.
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Systematic Error

: Ny, = 7318 4 82 :‘ Moo= T334 82
n1000| N, = 3134 27 B 1000| n, = 3134 27
Choice of the sideband region : e W=
-~ 800 Sideband Region: [ 2.250, 2.270] GeVic — 800 Sideband Region: [ 2260, 2.280) GeVic’
% atio » 0.54 +-0.05 % atio » 054 +- 105
600— 600~

- -
:

The choice of sideband region

may influence the estimation of 1 R Lt WOx

the peaking background. We try , ""“f;",""z" | ""“f;",""ﬂ’
) . (a) sideband:(2.250,2.270) GeV /c? (b) sideband:(2.260,2.280) GeV/c?

to estimate the Systematlc crror

due to this by varying the e Tl

sideband fegiOﬂ and f€CﬂlCU.121tiﬁg gm—'s::::"mmm - gm;?.’?::f'i.'?@' i

the branching fraction.

H
H

H ! i ! ! !
225 226 2.27 2.28 mf:g(Gev.fc:,; 2325 226 2.27 228 m"r.:ﬁ(Gavfczi;
(c) sideband:(2.250,2.280) GeV /c? (d) sideband:(2.260,2.270) GeV /c?
The uncertainty due to the : : : :
) . . ) Sideband region ( GeV /c?) ratio BAT = A+ X)(%)
ChOlce Of Sldeband reglon 1S (2.250,2.270) 0.54 £ 0.05 37.26 £2.17
. . . (2.260,2.280) 0.54 £ 0.05 36.81 £ 2.17
0
estimated to be 0.10%, which is (2.250,2.280) 0.37 + 0.03 37.07+2.17
A (2.260,2.270) 1.02 £ 0.11 36.94 £ 2.18
ﬂeghglble. Averaged 37.02+1.09
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Systematic Error

Statistic of the control sample

The limited statistic of the control sample J/y - pK*A may bring systematic
uncertainty into the reconstruction efficiency of A, which can be calculated
out from the table of efficiency using the following equation.

P(GeV/c) |cost] Ng Na Ng Nc Np Ng Naignat \/ _ rsig 5 1" 219
(0.00,020) [ 120£35 80+28 9.0+30 00+00 00+00 L0£L0 39+40 Z : : d\ /I:: ] J"
(00,03 | (020.040) | 170541 30417 70£26 30£17 3017 00£00 109446 5 ~Sig i
: (0.40,0.65) | 14.0+37 50+22 T0+26 00+00 20+14 00£00 G5+43 = rHln - HIH
(0.65,100) | 12.0£35 6.0+24  80+28 L0+10 L0£L0 30£17 57+41 Z { \ : J'
(0.00,0.20) | TT.0£88 150438 150+39 40+20 40+20 20+14 613+9.4

(0.20, 0.40) | 61078 1404+37 210+46 1.0+£1.0 40+£2.0 60424 43.1 £ 8.5

{'f].';. 0.5) [(UEIVA 1].(,:'5) #9.0 £9.4 13.0 4+ 3.6 220+ 4.7 1.0+ 1.0 4.0+2.0 1.0+1.0 6G9.3 + 10.0
(0G5, ].1]1]) 47.0+£6.9 18.0+4.2 17.0 £ 4.1 1.0+ 1.0 4.0+2.0 20+1.4 276 7.6
(0.00,0.20) [97.0£98 50%22 50%22 00£00 4020 00£00 8904101 erora (%) P(Gev/c)

(05,07 | (020,040) | 870293 80428 140437 00+00 30£17 10410 742497 o . : . — -

R (0.0, 0.65) | 81.0+9.0 30+17 00=30 1.0+10 S80+28 00+00 695+0.4 |cost (0, 0.3) (0.3, 0.5) (0.5, 0.7) (0.7, 1.0}
(0.65, 1.00) | 650481 5.0+£22 130436 104+1.0 70+£26 30417 523486 (0.00, 0.20) B64 4+ 0,23 20524036 36.124+0.39 40.52 + 0.57
[(IXUIVA 1].‘2”) 68.0 £ 8.2 9.0 £+ 3.0 21.0+ 4.6 0.0 £ 0.0 4.0+2.0 1.0+1.0 S04+ 88 [r]gn_ [h_fl[”l H.-r?l”‘:l: “_2:{ 23_?? + (]Rﬁ 35-?-] :I:”-:iH A0.24 :t r]--'b

(0.7, 1.0) (0.20,0.40) | 59.04+77 70426 120435 1.0+10 60+24 00+00 454+82 0.40. D (.__' E1410.20 36.9340.: A . -
(0.40,0.65) | 71.0+84 T0+26 170441 10+10 20+14 20+14 586489 (0.40, D.63) | 8. : 1.92+081 3406 £0.535  38.05 + 0.50
(0.65, 1.00) | 57.0+75 60+£24 16.04+40 00+00 30+£17 20414 445+80 (065, 100} | 469+ 013 1532 £0.19 2090 +0.23  25.69 £ 0.36

The systematic uncertainty due to this is 0.36% relatively.
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Systematic Error

Size of the hins

To study the systematic error due to binning , we change the number of bins and
see how the branching fraction will change with it.

We divide the control sample of j/i - pK*Ainto 3 x 4,4 x 3,4 x5and 5 x 4
p—|cosB| bins to obtain the corresponding efficiency, then divide the data sample

to get the signal yields.

Bin number of p  Bin number of |cosf| B(A} — A+ X)(%)

3 4 37.34 +1.95
4 3 37.244+2.16
4 D 37.02 + 2.18
51 37.05 + 2.18

Averaged 37.16 £ 1.06

The systematic uncertainty due to this is 0.49% relatively.
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Systematic Error

The bias of efficiency in different tag modes

We assume that the reconstruction efficiency of A is independent of the tag
modes, which may cause systematic error. We use the inclusive Monte Carlo of

A{ A to obtain the signal efficiency in different tag modes.

Tag modes Efficiency (%)

ﬁ: — E_Jh"b], 20.9 4+ 0.6
AT - pK+m™ 30.3 + 0.2
Averaged 30.2 £ 0.5

The systematic error due to this is estimated to be 1.10% relatively.
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Systematic Error

Summary of the systematic error

Categories Systematic Uncertainties(%)
Statistics of the control sample 0.36
Tag bias of A's efficiency 1.10
Fitting of the tag yields 0.98
The size of the bins 0.49
Choice of the sideband region 0.1
Total 1.60

Thus the systematic uncertainty is 37.0% x 1.6% = 0.6%.

BF with systematic error

B(AL > A+ X) = (37.0 + 22 + 0.6)%
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CP violation in A, decay
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(¢) 0.5 € p <07 GeV/e
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(d) 0.7 < p=< 1.0 GeV/e
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CP violation in A, decay

The tag yields, signal yields and efficiencies are reobtained separately.

!\[':r{:‘ *_.\[l?f-}
[cosd P(GeV/ic) [cosd PGeV/e)
(0.0, 0.3) (0.3, 0.5) (0.5, 0.7) (0.7, 1.0) (0.0, 0.3) (0.3, 0.5) (0.5, 0.7) (0.7, 1.0}
(0.00, 0.20) | 8.35+£0.33  30.80+0.54 3668 £0.59 41.00 £ 0.86 (0,00, 0.20) | 891 £0.33 2838 £048 3564 £0.53 40,14 £ 0.76
(0.20, 0.40) | 847 +0.32 2997 £0.53 36,56 £0.58  40.30 £ 0.85 (0.20, 0.40) | 853 +£0.581  27.71 £ 048 3498 £0.53  40.20+£ 0.75
(0,40, 0.65) | 791 £0.28 27444045 35104052 38.00+£0.73 (0.40, 0.65) | 8.35 £ 0.28 26,45 +0.42 3318 £0.46  38.08 £ 0.68
(0.65, 1.00) | 404+ 017 1597 £0.20 21174033 2587+ 0.51 (0.65, 1.00) | 5274+0.19 1484026 2067 £0.31 25.52£0.50
Ny N
|cost P GeV/c) [cost P GeV/c)
(0.0, 0.3) (0.3, 0.5) (0.5, 0.7) (0.7, 1.0} (0.0, 0.3) (0.3, 0.5) (0.5, 0.7) (0.7, 1.0}
(0.00, 0.20) 25425 279+ 6.5 4754+ 7.3 25.0+ 6.2 (0.00, 0.20) 1.44+3.2 334 £6.7 41,5 £ 7.0 254+ 6.2
(0.20, 0.40) 4.6+ 3.2 205+ 5.6 436,54+ 6.5 2204 5.8 (0,20, 0.40) 6.3+ 3.4 226 £6.5 3T6£T.2 234+ 58
(0.40, 0.65) 5.8+ 3.1 446 +7.4 256+ 6.3 326+ 6.3 (0.40, 0.65) 0.8+ 3.0 246 £6.7 4394+ 7.0 26.0+ 6.2
(0,65, 1.00) 7.2+3.2 10,0 + 4.8 284 +6.3 20,5 + 5.8 (0.65, 1.00) -15+2.5 17.6 £ 6.0 23.9+£5.9 24.0+£ 5.6

Tag mode Tag yield Result

AF = pK% 606+ 26
AT - pK—7T 2915 £ 60

_ — 0 g . Decay mode  Branching fraction(%) Acp
A = PK; 614 + 26 AT S ALX  BB02E3AE061 oo
A 5 pKta— 3172+ 59 A- 3R+ X 3670+£3.04+059 ' '
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Summary

« Using double tag method and the technique of data driven, we have
measured the branching fraction of Af - A + X to be (37.0 + 2.2 + 0.6)%,
which is more precise than the latest PDG value, which is (35 + 11)%.

«  We also study the CP violation in the decay A — A + X, the CP violation
parameter A¢p is measured to be 0.02 + 0.06 + 0.01.

« The reconstruction efficiency of A has been studied detailedly. The table
for the systematic error of A’s reconstruction efficiency is available.

Thanks for your attention !
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Backup: A’s efficiency in different MC samples
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Backup: Re-weight of the control sample
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Backup: Distribution of A’'s momentum and cos6

Momentum of A Cosf of A
0.1; T 1 0.05; T
t | data i :t data
0.09; — 0.045; —
¢ | InclusiveMC ¢ | InclusiveMC
0.08! , 0.04; W = T

0.07| 0.035!

o.oe:Z _‘UJ = o.os?

- Y = i

0.03] ‘ i) [ 0.015 L

0.02! .01} 1_1
0.015 |—'= ]“ o_oo‘r,g_A I
Py LN PRI - | OE".A. 1IN H b PR oL LA BA0S ERNE) |c~L‘
0 0.2 0.4 0.6 0.8 1 1.2 1 08 06 04 02 0 02 04 06 08 1
P(GeVic) cosé

(a) Momentum of A (b) cos#l of A

Page Up Page B3 Next Page




Outline Introduction

Systematic Error

Analysis

Backup: Efficiency of A with different data for realization
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Summary
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