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1. INTRODUCTION

~y
SM, the decay takes place at least at the loop level
with FCNC, which can be represented by a Electro-
W weak Penguin diagram.
The virtual W might be replaced by H* or non-SM particles, which leads
) > - - to enhanced or suppressed branching fraction.
S
Next to Leading Order(NLO) predictionl'] N";‘_—%i'\g_z;eﬂcgif” ol
o B.FB—X)=(3.611)x10*  qoosl! nepph/geERe2
AN T T T T ey
‘(\-asbego'b\ The recent Next to NLO prediction!2! CLEO Phys. Rev. Lett. 87, 251807001 +—a
X BELLE Phys.Lett. B 511, 151 (2001) —te—
‘\6 o(\e‘ \X\e 6\ B F(B _>Xs }/)=(3 . l 5i023)x l 0_4 (2007 [2] BELLE Phys.Rev.Lett.93:061803,2004 $
"\\ \O e eEmm R s BABAR PRD 72, 052004 (2005)
\av‘e“ 6‘ HFAG Average BABAR hep-ex/0507001 ..
v B.F(B—X_y)=(3.55+0.24+0.09)x10"* FIEAG Average

(Ex> 1.6 GeV)

Agreement btw. experiment and theory has been
degraded since the recent NNLO correction was done.

As for the tree level decay of b—sy Is forbidden in

3.55 + 0.26 x10* ¢
Extrapolation to Ey > 1.6 GeV
from PRD73:073008,2006

BR(b— SY)EW 6GevX10™

Measurements of the branching fraction and a comparison
with the SM prediction at NNLO. A. Limosani. BN 1035

A good probe to search for the New Physics

[1] T. Hurth, E. Lunghi, and W. Porod, Nucl. Phys. B704, 56 (2005), hep-ph/0312260.
[2] M. Misiak et al., Phys. Rev. Lett. 98, 022002 (2007). 3




SYW2014, Jan. 14th, 2014

1. INTRODUCTION

This study will measure Ey spectrum, isospin and CP asymmetry

The hadronic tagging method makes use of “EKP fullrecon™
This will let us analyze in the B-rest frame with the informations of fully-reconstructed tag side B

- Isospin asymmetry can be directly measured
Provided the charge info. of tagged B, we can directly measure isospin asymmetry, Ar.

- Improvement in the systematic uncertainty
Resolutions of signal is significantly improved! ( As Yook said..)

- Improvement in the statistical uncertainty . Comparable study from Babar using “the recoil
With about 4 times more data available, we can expected to be able to reduce : B. F(B —>X5y)=(3.97i0.9710.64)><10‘4
the statistical uncertainty compared to the study by Babar using the same method. TN !

Related studies and their results from Belle

Acp=0.002+0.050,,,£0.030,,, S Nishida(2004), PRL 93,0318038

B.F=(3.55+0.32")3"" )10 with 140fb™" P Koppenburg(2004), PRL 061803

B.F=(3.45+0.15,,,£0.40,,)x10™* with 605fb™" A Limosani(2009), PRL 103, 241801
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2. SIMULATION
(1) Signal MC generation

E+B in Genhep level

x10° : : .
600 . (1)24 mil. of events was generated using Evtgen and simulated
- |~ Xs mode . _
[ |~ K" mode using Gsim
500_— — Total
wf S
: (2)B—=Xsy MC samples go through the random selection
300
j defined by the Kagan-Neubert modelt']
200|- Heavy Quark Parameters are used for the K-N dist. parameters.
ool HFAG values m,=4.574 GeV, 12=0.459 GeV?
| il IR PP PR . P I """"""""'""""""""""""""""""T """""""" .---
P IR IR A estfame Gy (3)B—K*y MC samples are generated according to the ratio
o« M(Xs) in Genhep level Xs: K* =88 : 12, and simulated.
250 — Xs mode
: e . Random
ook ol Generation Results |Gen & Gsim . Eff.
N selection
: Mixed 12 mil. | 6369933 | 53.08%
150~ Xs modes
- Charged 12 mil. 6370224 | 53.09%
10 Mixed 868632 )
K* modes ~33 streams of
50l Charged 868674 signal MC sample
: N Table 1. The number of signal MC events
0OIHE).Sl II1 15 2 25 3 35 4“ 4.5“115
M, on B rest Frame (Gev/c?) 5

[1]A. L. Kagan and M. Neubert, Eur. Phys. J. C7, 5 (1999), hep-ph/9805303.
Figure 1. Signal event generation results
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2. SIMULATION
(2) Signal & Bkg. MC simulation, and Pre-selection

4 Pre-selection N 5 Streams of Generic & Continuum MC
Best-Buag Selection 50 streams of RareB, 20 streams of Ulnu MC employed.
NBRank = 1 M, —BB 2= —BB
(if 3 multiple choices, the one with higher NBout is chosen.) — - —Q_q 8000F —q_q
5.24 < My < 5.29 GeV/c? : (L signal : — S
5000~ L
IAEl <0.06 GeV : - “F
5000 L
NBout > 0.1 § ook
40001~ [ C
Candidate Selection ao0of- __ 2000
Most energetic ( in B rest frame ) gamma m_ r ‘ 20001~
among sig-side gammas. e et - :
EvPcandi > 1.3 GeV P i R R I e e . E e
\_ J
Table 2. Pre-selection criteria COSBy, oy BB
. —aq
o —signal
. After fullrecon . . :
Simulated - Efficiency mg !
5000}
Signal 14477463 25287 0.17% a0
ool
Generic 5 streams 414812 2o |
Continuum | 5 streams 266364 E N
T T A TR S T amrart mo e

Table 3. The number of event before/after the _ _ _ _
fullrecon & pre-selection of sig/Generic/Continuum. Figure 2. sig/bkg. simulation & pre-cut results
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3. EVENT SELECTION

Selection Criteria

T1°&N and addbg(91 [, off-timing) particles are dominant.

, Selection Criteria
BB/Slg ECM, BB legend
e == |.idhep # 91| for MC, off-timing for DATA
S scaled —— Decays o .
: —— AddBG - to veto off-timing particles
al -~ MisID e
10 3 fgés;:g hadlron 2. P(119)<0.3 & P(n)<0.3
- Black : total - to suppress TT9&N
10°F
E 3 |Cosethrust| < 08
10F - to suppress the remaining continuum events
= 4. PDERSeq > 0.2
1 T - o suppress the hadronic shower events.
10'k 5.cosfe < 0.8
= | ] ( - o suppress the electron’s radiative events.
L S ST

Photon Energy In CM frame, BB sample(GeV) #* In each step, tag-correction is applied.

Analysis Regions

Region | : 1.3 <Ey®< 1.8 GeV
Region Il : 1.8 < Ey< 2.0 GeV (Optimization regions)
Region 11 :2.0 GeV < Ex< 2.8 GeV




3. EVENT SELECTION

(1) Off-timing veto

SYW2014, Jan. 14th, 2014

911 (addbg) particles in MC correspond to the off-timing events, overlay beam backgrounds(QED bkg) in DATA.
All the MC candidates with idhep=911 ( isthep=-91 ) are vetoed.
All the off-timing on Triger Count is vetoed in the case of DATA.

(2) P(11°)<0.3 & P(1)<0.3 Cut

Probability of the candidates to be a daughter of TT? or n was calculated, according to the distribution of the mass combined by

the candidate gamma paired with another gamma.
( Only signal-side pairs were considered since there was not a significant advantage in using the others )

-1||||i||||i||||||||i| illill |||,|||i|||
100 01 02 03 04 05 06 07 08 09 1

————
— N=>YY

15

scaled

ai il
oy

I
==F|

A B . N = = -
[

—— Decays
-— AddBG
-—MislD e

-— signal

—— MisID hadron 10*

™

Red(m®—vyy) peak around 1)

7% Probability

-1||||i||||_!_L_
1001 02 o.

10° &
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10k
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Y I B SN
4 05 06

|

— Yy
— N7y
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0.7

GR(n—vy) shows high prob./

Fig 4. The related distributions to P(11%)<0.3 & P(n)<0.3 Cut
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3. EVENT SELECTION
(3) |cosO:nrust| < 0.8 Cut

3500

To suppress the continuum events, thrust angle cut was employed. - [—BB —!

3000~ |—qq i

— longitude - |—Signal :

. Pi 2500[- .

Thrust Axis = — : :

2000| :

pi - 1

1500 .

B 1

Angle btw. two thrust axis of sig-side and tag-side was calculated. 1000 :

: ]

—_— g 500 '
Losgthrust_Asig'Atag 0_ et
0 01 02 03 04 05 06 07 08 09 1

Fig 5. |cosOrust| distribution of sig/BB/qq

(4) ECL variables, MVA

/ Hadronic shower (e.g. anti-n, anti-p) shows widely spread shower shape
compared to the real gamma shower inside calorimeters.

So we decided to make use of ECL shower parameters to veto hadronic
shower events.

ECL shower parameters

- Shower width :The RMS width of shower shape

e - Shower mass : The combined mass of showers

T e - i hE - E9/E25 : (E Deposited in 3X3 ECL cluster ) / ( E Deposited in 5X5 ECL cluster )

Gamma shower Hadronic shower

Fig 6. The different character of gamma showers and hadronic showers. (from K. Bernldhr,
Imaging very high energy gamma-ray telescopes)
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3. EVENT SELECTION
(4) ECL variables, MVA

; legend legend
legend £gen
=" E9/E25 Width s Mass Za I
—M—= 7y : =N 140 M=y
—— Other Decay 601 —— Other Decay - —— Other Decay
= C - Mis-e C - Mis-e
— Mis-had - — Mis-had 120~ - Mis-had
— Signal 501 -— Signal -— Signal
250 - 100
- 40 -
200F C Hadronic 80~
sof 0F shower sk
» 20F a
100 - / 40
50— ﬁ 10 ‘j 20
— ] Ir—j-:.‘ 'lrL I~
_IIIIIIIIIIIIIII'I':!_EA_I_I-i—O—H—il—ilclJ"H—‘i-aH_i"— 0_||||||||1||_,_--—;: -u JFLI J.I’L"rth_m_ O—I S B A
85 055 06 065 07 075 0.8 085 09 095 1 (I T T Sy 6 7 8 9 10 b 602 6020 06 Y008 01 012 014 016
E9/E25 RMS shower width (cm) Shower mass(GeV)

Fig 6. ECL shower parameters in Optimization region, SIG/BB ( 1.8~2.0 GeV)

These variables are correlated ( correlation matrix in back-up ), 5 ‘FTF==m=Eo—T T ""T“'QYAE
we tried Multi-Variate Analysis (MVA) using TMVA, the root e R
built-in tool for MVA A N
E‘ 0.7: \ =
. . . . g 0.6: \ ]
Training Set : 6 mil. of Signal / | stream of BB&qq b s A\ E
Tested method : Rectangular Cuts, Fisher(Linear) Discriminant, — os
Multi-dimensional Likelihood(PDERS) T

0200102 03 04 05 06 07 08 08 1
PDERS shows a better ROC in general. Fig 7. ROGC curve of a varaua of

methods

10
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3. EVENT SELECTION
(4) ECL variables, MVA

After overtraining test and FoM test for optimization region, we decided the cut at PDERS > 0.2. ( Detalls are shown in the BACK-UP)

TMVA overtraining check for classifier: PDERS

— Signal

6 1= | Signal (test sample) '
Background (test sample)

"1 signhl (training sample) '

* Background (training sample)

(1/N) dN / dx
(3]

IIIIIIIII

0 Helds oy A
0 01 02 03 04

:Kolmogorov-Smimov test: signal (background) probability = 0.F19 (0.303)

05 06 07 08 09
PDERS response

Fig 8. Overtraining test

(5) cosB: < 0.8

cut

IIllIllllllllllllllllllll Illl

» -
S ¢
$0.09
< -
=0.08
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£ 0.06

o -

e 0.05
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2 0.04

S :

e 0.03

) -

23 -

S 0.02—

° -
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S 0.01 :—

0 Eb:ﬂ:rl
0 0.1

— All bkg
— n0—>yy
— Mis-Had

0.5 0.6 0.7 0.8 09 1
PDERS

Fig 9. PDERS normalized dist. of specific bkg.

— Signal
— All bkg
17| —e—> ey

10

10"

e

|
|
|
1
1

ol o by s by ey by by
098 <06 04 02

0 0.2 0.4 0.6 08

Fig 10. cose. dist. of specific bkg.

Angle btw. candidate gamma & the closest electron was
tested to veto the events oriented by electron’s emission.

e—ey events have a peak around cosfe = |

— cosO.

11
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3. EVENT SELECTION
(6) Selection Efficiency

Region | , 1.3 < EyB < |.8 GeV

Region | Sig BB qq FoM
911 veto 99.48% | 93.02% | 95.74% 0.21
P(MO)&P(M) | 87.10% | 48.59% | 50.32% 0.26
lcosOthrustl | 80.27% 79.01% 22.79% 0.29
PDERS 86.56% | 63.59% | 64.22% 0.31
cosfe 97.46% | 93.01% | 96.24% 0.31
tot-efficiency 59% 21.12% 6.79%
tot-cutoff 41% 78.88% | 93.21%
Region 3, 2.0 <EyB <2.8 GeV
Region | || Sig BB qq FoM
911 veto 99.48% | 38.81% | 62.94% 8.71
P(MO)&P(n) | 97.78% 69.4% | 68.35% | 10.00
lcosOthrustl | 79.27% | 80.03% | 18.43% 10.61
PDERS 99.39% | 77.25% | 80.67% | 11.43
cosfe 99.26% | 97.76% | 97.78% 11.45
tot-efficiency | 76.07% | 16.28% | 6.25%
tot-cutoff 23.93% | 83.72% | 93.75%

Table4. Signal Efficiency of selection criteria

12

Region 2, 1.8 <EyB <2.0 GeV

Region | | Sig BB qq FoM
911 veto 99.48% 83.22% | 89.16% 1.01
P(m0)&P(n) | 95.17% 94.79% 59.68% 1.27
lcosOthrustl | 77.35% | 79.43% | 20.45% 1.32
PDERS 96.87% 79.9% 79.13% 1.43
cosfe 99.17% | 96.22% | 97.38% 1.44
tot-efficiency | 70.64% | 27.84% 8.39%
tot-cutoff 29.65% 72.16% 91.61%
— vy
i ma 4
— Decays
-~ MisID e
— MisID hadron
— signal
. ;hﬂﬂ éﬂ ——35 E=(GeV)

Fig 11. E/B distribution after selection (sig/BB)
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4. EXPECTED YIELD

Signal My Fit

D
[T

B
L

_—
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f2)
c
[0}
>
8}

- +

W ettt termie S ke,
£24 5.2455.25 5.255 5.26 5.265 5.27 5.275 5.28 5.285 5.29
(GeV/c?)

sig + BB/qq My Fit

i

(0.00125 GeV/czé
[0+]
o (=]
T I T T T

D
o
L L

F

Events /

S
o
L L

llllllllllll l LLLL I L.l I L.l 111 l 1111 l 1111 [ 1
0545245 5.25 5.255 5.06 5.265 5.27 5.275 5.08 5.285 529
(GeV/c?)

Fig 12. My Fit result in the bin 1.9-2.0 GeV

BB/qq Mo Fit

£.00125 GeV/c®)
l%l L

o
o
T T 7

kBvents /

lIllnllI|IIII|lIllIlIII|III

111 l 1111 l 1111 [ 1
.24 5.2455.25 5.255 5.26 5.265 5.27 5.275 5.28 5.285 5.29
(GeV/c?)

Signal My Fitting
- Crystal ball + ARGUS

BB/qq Fitting
- Crystal ball + ARGUS

Sig + BB/qq Fitting
- Crystal ball + ARGUS

 Bin-by-Bin Mg fitting was performed to obtain bkg-
subtracted yield for each EyB bin of 0.1 GeV range

e 10 streams of BB & 5 streams of qg MC samples were

used for bkg. estimation.

13
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4. EXPECTED YIELD

Signifi- True o
cance Significance 6 — My fitted signal yield
100 5 5 57 7
0 1.6-1.7 870 4512 0.193 0.212 -
80— | = bkg-subtracted yield
1 1718 1536 3877 0396 0.410 : 5
60—+
> 1819 2382 3285 0725 0.774 - —— 8 |
- - : : :
3 1920 37.84 2778 1362 1447 @ “p e/ R S '_H_'
O B — 5
4 2021 5173 2256 2298 2427 @ 2P I _:_} '''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
> L
5 21-22 69.00 1670 4.131  4.321 et
6 2223 8268 1235 6.693 6.917 P I
7 2324 8137 1031 7.889  7.981 = I ]
_l | | | | | | | | | | | | | | | | | | | |
8 24-25 060983 887 7.276 7.349 1.6 1.8 2 2.2 2.4 2.6
B
9 2526 4018 659 6096 6.104 E,

Fig 13. bkg-subtracted yield of each bin btw 1.6 < EyB<2.6 GeV
Table 5. Results of signal ftting and subtracted yield for each bin
btw 1.6 < E/B<2.6 GeV

14
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4. EXPECTED YIELD

—— M, fitted signal yield

100

T T | T -

T :, ............................ " ...... —, ............ bkg-subtracted yield
- i - e e [
T - : I : - : ;
— : : || | :
+ ] BO e Ip- ...... e TOURUR: i
+ - = ]
- u s | s s z
+ : : | |
l —e— S

120 | !

(o]
o
I

H
o
I

201

Yield/Bin

o
o

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

-—> BaBar regioné

2.0 2.2 24 2.6 16 18 2 5.2 2.4 26
s £, (GoV e

Fig 4. BaBar Result Fig 15. Our expectation (bkg-subtracted yield)

B
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o
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:
o
o
t
w'\-
E
—
)
o
=
=

Significance in 1.9-2.0 Range
J J VWe could take advantage of large

At Babar, ~0.50¢tat statistics of Bellel
Our expectation, ~1.40stat (If everything goes fine.)

15
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5. SUMMARY & PLANS

|. Selection Criteria is decided.

2. ExpectedYields is calculated. (will be updated with including RareB & Ulnu)
We could expect a better result than that of Babar.

3. TT9&nN (dominant) background study should be done.

16




6. BACK UP
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ECL variables

OK, apparently, it seems hard to generally apply MVA(distances, cos0¢) cut to my samples

of interest. (But | want to use this MVA somehow!)
So | checked the linear correlations btw ECL variables again, but this time, the whole MC
samples were considered. (I only used samples in [.8 ~ 2.0 GeV region in the last time)

Correlation Matrix (signal) Correlation Matrix (background)

Linear correlation coefficients in % Linear correlation coefficients in %

100

100
80

Shower mass shower mass

60

40

E9 over E25 E9 over E25

RMS width RMS width

R I3 S
MS Wi d]h 9 (o] Ver 525 hOwe - mas
S

Wow, it seems hopeful!



ECL variables - MV A results

Background rejection versus Signal efficiency
1

0.9

0.8

0.7

0.6

Background rejection

0.5

0.4

0.3

0.2

e AL DL L L L L
MVAMethods e N
E o PpERS

:_ ........... ............... Flsher ............... ............... ............... ............... ....... .

E ECuts : : : : : :

:_ ........... ............... leellhood ...................................................................................................

TMVA

o

o1 02 03 04 05 06 07 08 0.9 1
Signal efficiency

19

Fisher(linear discriminant) & PDERS(Multi-dimensional Likelihood) are generally better

And MVA can be a good choice for the optimization of rectangular cuts only.
Fisher = -0.602*(width) -0.104*(e9/e25) - 0.534*(mass) +12.38

than just Rectangular Cuts.



ECL variables - MV A results

FoM Comparison with Rectangular Cut
of random test set (# of sig , # of bkg) = (1000, 1000)

Cut efficiencies and optimal cut value

Efficiency (Purity)

0.8

0.6

0.4

0.2

0
0 o1 02 03 04 05 06 07 08 0.9

Signal efficiency L e
______ Signal efficiency*purity
Background efficiency

Sl#tsgri{ S+B}

-
-

T T T T S : : : H
: : -~ ! : : :
"
. O MmO

. For 1000 signal and 1000 background - o\ o\
i events the:maximum S/\/ﬁ is : : . :

25.52 when cutting at 0.40

Cut value applied on PDERS output

Significance

Cut efficiencies and optimal cut value

Efficiency (Purity)

Signal efficiency

Background efficiency

——— Signal purity
______ Signal efficiency*purity
SHtsqri{ S+B}

_ Method Cuts provides a bundle of cut selections, eachitunedtoa -

| different S|qnal efficiency. Shown is the g urlt for each:cut selection] 25

0.2 | 0.4

0.6 0.8 1
Signal Efficiency

20

Significance

PDERS Rect. Cuts Improvement(PDERS to Cuts)
FoMmax 25.5169 25.0428 1.89%
at Sig eff. 0.864| 0.8814 -1.96%
Folmax | Bkg Cut-off 0.7173 0.6426 11.62%




ECL variables - MV A results

Overtraining Check - Training Samples vs Testing Samples

(TMVA guide) Proper training and validation requires three statistically independent data sets: one for the parameter
optimi- sation, another one for the overtraining detection, and the last one for the performance validation. In TM VA, the

last two samples have been merged to increase statistics. The (usually insignificant) bias introduced by this on the

evaluation results does not affect the analvsis as far as classification cut efficiencies or the regression resolution are
independently validated with data.

TMVA overtraining check for classifier: PDERS TMVA overtraining check for classifier: Fisher

(1/N) dN / dx

6 800 Signal (iést sample) | |'e Signdl (training sample) 1 B  [1_] Signal (test sample) ~ | ||+ Signal (trdining samiple) | -
:@ Background (test sample) ® Background (training sample) N ; Background (test sample) * Background (training sample)
5 Kolmogorov-Smirnov test: signal (background) probability = 0.819 (0.303 ] 2 ~Kolmogorov-Smirnov test: signal (background) probability = 0.989 (0.983) 7]
N Pal _ = . 5 ]
4 — 7z — :
: 13 sp
3 a8 N
k4 1 I
NI, . : EL B
/ 18 B
L _ 3 ] 1z B
N7 //’i;m el s 1% '3
0 e 4’4,‘-%// A A 4 /] A‘MA b g, =l | g 0 B Lo i acsa £
0 0.1 0.2 03 04 05 0.6 0.7 08 0.9 -0.8 { ! ] g 04 0.6
PDERS response Fisher response

Kolmogorov-Smirnov test : A sort of comparison like y2 btw Ho(trained PDF) & Hi(testing PDF)
almost 1 : the same PDF(overtrained), almost 0 : no meaning of training, 0.1~0.9 : usual expectation

PDERS can be a better choice according to K-S test

21




Signal efficiency for all MC samples

Region1,1.3<EyB <1.8 GeV

Region | Sig BB qq rare ulnu FoM
911 veto 99.48% 93.02% 95.74% 97.99% 95.65% 0.21
P(r0)&P(n) 87.1% 48.59% 50.32% 41.58% 47.4% 0.26
|lcosOthrustl 80.27% 79.01% 22.79% 78.28% 80.39% 0.29
PDERS 86.56% 63.59% 64.22% 69.38% 75.44% 0.31
cosOe 97.46% 93.01% 96.24% 94.69% 78.97% 0.31
tot-efficiency 59% 21.12% 6.79% 20.95% 21.71%
tot-cutoff 41% 78.88% 93.21% 79.05% 78.29%

22



Signal efficiency for all MC samples

Region 11, 1.8 <Ey® < 2.0 GeV

Region | | Sig BB qq rare ulnu FoM
911 veto 99.48% 83.22% 89.16% 97.28% 92.36% 1.01
P(r0)&P(n) 95.17% 54.79% 59.68% 46.30% 55.10% 1.27
|lcosOthrustl 77.35% 79.43% 20.45% 79.29% 81.22% 1.32
PDERS 96.87% 79.9% 79.13% 86.59% 95.65% 1.43
cosOe 99.17% 96.22% 97.38% 96.33% 85.66% 1.44
tot-efficiency 70.64% 27.84% 8.39% 29.79% 33.87%
tot-cutoff 29.65% 72.16% 91.61% 70.21% 66.13%
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Signal efficiency for all MC samples

Region 111, 2.0 < EyB < 2.8 GeV

Region | || Sig BB qq rare ulnu FoM
911 veto 99.48% 38.81% 62.94% 93.92% 79.85% 8.71
P(r0)&P(n) 97.78% 69.4% 68.35% 55.87% 61.45% 10.00
|cosOthrustl 79.27% 80.03% 18.43% 79.64% 79.73% 10.61
PDERS 99.39% 77.25% 80.67% 91.93% 98.33% 11.43
cosOe 99.26% 97.76% 97.78% 97.81% 93.55% 11.45
tot-efficiency 76.07% 16.28% 6.25% 37.58% 35.99%
tot-cutoff 23.93% 83.72% 93.75% 62.42% 64.01%
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Bkg subtracted yield
Procedure for each bin

Fitting

33 streams of signal MC —— PDFsig (1)
9 streams of BB —5 PDFgg —— NggMmC

f Fittin — >_> kag,I\/IC
5 streams of qq —=% PDFqq —— Nggmc

PDFsig —  generate DATA _SETsig (2)

] DATA mimi
PDFgs —— generate DATA_SE Tk (1 streamzlriwngcum)

PDFoq

DATA_SETsg ——  Fitting with Crystal Ball + ARGUS —— Nsig,true (3)

DATA_SETug —  Fitting with Crystal Ball + ARGUS —— Npkg true

25



Bkg subtracted yield
Procedure for each bin

merge

DATA_SETsiq \ (4)

» Fitting with Crystal Ball + ARGUS ——— Nwhole true

DATA_SETokg /

(5)

Subtracted yl6|O| — Nwhole,true } kag,I\/IC error = sqrt(Ownole true” + Obkg.MC?)

" o Nsi rue
True Significance = 9.7

2 2
\/Usig,true T+ O-bkg,true

Due to the low bkg statistics in the ranges beyond 2.5 GeV,

Nsig,true

| employed True Significance =
Owhole
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Bkg subtracted yield

— M, fitted signal yield

Significances

bkg-subtracted yield

100 8797107

- I T
Bin# range TRUE Subtract. 80":“0 ; 6 7 ] l """ "_' 11 >< True Significance Point

O

1.3-1.4 0.046 < 0.048
60

—\

1.4-1.56 0053 > 0.047

S 1 O O T O 1 N O 5 S S 1
15-16 0122 > 0.112 o s

1.6-1.7 0212 > 0.193

Yield/Bin

e 6 R 0 e it s s i3
1.7-1.8 0410 > 0.396 : =T f i s

1.8-1.9 0.774 > 0.725 _

1.9-20 1447 > 1.362 ] U I I . A e —— e
2.0-21 2427 > 2.293 ) S O I AT T T S S— .

2.1-22 4321 > 4131 1.4 1.6 1.8 2 2.2 2.4 2.6

© o N o O »+ wWw N

22-23 6917 > 6.693 EB GeV/c?

o

23-24 7.981 > 7.889 o |
True Significance Points = Ngub. - ( Strue X Osup. )

(Each point should be located under the zero line)

—\
—

24-25 7349 > [7.276

—
N

2.5-26 6.104 > 06.096

—
w

26-2./ 1784 < 1.851

Nsig,t’rue

Strue : True Significance =
Owhole
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Fitted Signal Yield

1.3- 1.4- 1.5-

Yield 3.01 3.00 599 9.01 1498 2399 38.02 51.93 69.01 83.00 80.99 61.00 40.03 3.99
err 1.73 172 244 300 38 489 610 718 813 877 870 778 6.26 1.98

Fitted Total Yield

1.3- 1.4- 1.5-

Yield 4,302.0 3,254.0 2,406.0 1,808.0 1,336.0 961.0 690.0 458.0 255.0 144.0 103.0 68.9 43.0 5.0
err 65.6 57.0 49.0 42.5 36.5 31.0 26.3 21.4 16.0 12.0 10.1 8.3 6.6 2.2

Fitted bkg MC yield

1.3- 1.4- 1.5- 1.6- 1.7- 1.8-

Yield 4298.7 3251.2 2400.2 1799.3 1320.6 937.2 652.2 406.3 186.0 613 216 8.0 2.8 0.8
err 234 204 175 151 129 109 9.0 71 4.9 2.9 1.8 1.1 0.7 0.3

Subtracted Yield

1.3- 1.4- 1.5- 1.6- 1.7- 1.8-

Yield  3.33 2.85 5.81 8.70 1536 23.82 37.84 5173 69.00 8268 8137 6093 4018 4.19
err 69.65 60.58 52.06 45.12 38.77 3285 27.78 2256 16.70 1235 10.31 8.37 6.59 2.26
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