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» Brief Introduciton

> Event Selection of /¢y - A(» nr®)A(- prct)
> Event Selection of /Y - A(-> pn~)A(- nr?)
» Input Output Check

> Discussion
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My Work Introducion

« a, determine by J/y > A(> nt)A(- pr®)
« @, determine by J/y - A(> nar®)A(- pr7)

W(E) =Fo(é) + aF5(8)
+ a12(F1(€) + V1 — @? cos(AD)F2(€) — aFs(£))
+ V1 = a? sin(AD)(—a 1 F3 + a2 Fa)

T() = 1'}
7, = sin” @sin §, sin 6, cos ¢ cos gy — cos” 6 cos 0 cos ba,

Fr = sin @ cos B(sin 8) cos B2 cos ¢ — cos # sin &, cos ¢r),

F3 = sin 0 cos fsin 0 sin ¢y,

F4 = sin 6 cos 6sin 6 sin ¢,

Fs = cos> 0,

Fe = cos 6 cos B — sin® §sin 6 sin 65 sin ¢y sin ¢
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MC Sample Sets for IO Check

« BOSS Version: 7.0.8
« MC Samples:
« mDIY MC:
* J/Y = A(= nn®)A(- pr®) 50samples (each sample =data) 4250w
e J/Y = A(- an®)A(-= pr~) 50samples (each sample = data) events
 mDIY Truth: (for independent MC integration check)
e J/Y = A(= nr®A(- pr®) 50samples (each sample = x10 data)

Parameters aj/p AP o_ a., a a

Value 0.4747 | 0.7521 0.7519 -0.7559 0.74 -0.692
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Initial Event Selection of A(» nn®)A(- pr™)

> Charged Tracks » Shower Selection

* |cosB| <08, E > 25MeV

* 0.86 < |cosf| < 0.92,E > 50MeV
- 0LTDC <14

* I <10cm, |V,| <30cm
* |cos@| < 0.93

» PID (Use dedx+TOF) « Nshower > 2
- Proton: p > 0.5 GeVic &8 PID: o ANGshower chgrri = 10° (for p = 20°)
Prob(p) > Prob(K/x)
 Pion: p < 0.5 GeV/c && PID: » Kinematic fit
Prob(m) > Prob(K/p) « Loop all y pairs, do 7° 1C and
* nProton > 1; nPion > 1 kinematic fit on hypothesis Anyy
> A Reconstruction ¢ 75< M, <175 (MeV/c?)
* Primary and Secondary vertex fit - Ais from secondary vertex fit
*  Choose pn* with least ys,. « Neutron is treated as a missing
. Léo-L > 2.0 particle
* Xsec <15
o |Mpp+ — 1.1157] < 0.008 (GeV /c?) » Constrain M,;0 = My
¢« MY <115 GeV/c? * Ximrit T X201 <70
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Potential Background

rowNo decay tree decay final state iDeyTr nEtr nCEtr

1 T/ — AAA = 70, A = 7T p 7Ortnp 0 187192 187192

2 T/ — AAy, A = 7% A — 7 alr gy 2 106 187298

3 T — AT A = 790,20 5 Ay A = 75 alr gy 11 106 187404

4 J/p— Y080 %0 5 A, 80 5 Ay A 5 7% A st 0t npyy 6 58 187462

5 J/p— e vt ot S 5 1% 7Ortnp 7 50 187512

6 J/p = ey, e — AN A — n A = rtp Ot npy 8 48 187560

7 T/ = AA A = 7%, A — 7T+]j"‘ TOrtnpy” 15 43 187603

8 T — mn T KIK . I\S S atrT mlrtatn K~ 1 27 187630

9 T/ — 7T A%, A = 7% TOrtnp 9 25 187655

10 T/ — APA° A" — 7%, A® — 7T p 7O tnp 5 19 187674

11 T/ — AXY, L%szm%h A — 7n 7Ot npy 17 19 187693

12 T/ — AN A = 790, A — 7ty F 7Ot npy T 25 19 187712

13 I/ — wntnp 7Ortnp 32 18 187730
—. T S
14000 . ]
- After cut, the BKG is 0.40% Oi2000[3 e
> S . ]
=10000{% - -
Selection Criteria Absolute Efficiency (%) | Relative Efficiency (%) o I | ]
GOOd Charged TraCkS alld PID 6674 _ F- 8000 &88 0.89 0.9 OBWG.Q:(;.:LI;EA;)OSS 0.96 0.97 0.98 _:
Vertex Fit 65.22 97.73 ; 6000 " ]
Good Shower Selection 57.68 88.45 .E ]
Kinematic Fit 48.39 83.89 I ]
X2 < 15and L/op > 2.0 42.88 88.61 CD4000: N
Xeorr <70 35.17 82.01 W 2000 - E
\Mpre — M| < 8MeV/c? 33.19 94.37 - .
Mol < 1.15GeV/c? 32.92 99.19 8 T
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Self-Background

. 093 M <00k T T [ Signal MCT]
 We used 15° as the matched angle Gasooof ST — ymatch ]
= [ Background = 41114 -y unmatch ]
v' 6,,: Match angle between = 200001 BIS+B) = 1256% .
() B ]
reconstructed low photon and truth. =" E
£ 10000 .
v’ 6,,: Match angle between S i ]
1] 5000 -
reconstructed high photon and truth. i D .
Oss 0.9 092 094 096 098
 y unmatched is 12.56% in fit range. M,(GeV/c?)
1400 [F=GhmAGhe T 7
T T T — —- 1 7y unmatched i
10° H c-\p__ 1200 f=--- 2 y unmatched —
E %J [ Unmatched = 84145 ]
— — 10001 . e — 6505
OD 10 g OO E :I ¥ unmatched = 68251
(e0] = [ee] o |2 v unmatched = 15894
= I - ~ 800 S
= 10°} = hat 5 l'll ]
_g ; g ""w‘- 600 |- ‘E
Lq>lj 102; L%) g 400 _Jlr;m e :."i'E
1ol W 200} I o 3
c;‘ 3040 o0 i89l 100 120 140 160 180 1(;' '"20‘ 20 60 Sé 100 120 140 160 180 885089 0.0 0.910.920.93 0,94 0.95 0.96 0.67 0.98
eqIia'l(.‘,.Truth 9?\’f'IC,Trmh Mn(GeV/ 02)
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y Energy Distribution
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7% Asymmetry Cut

[ — & ]
+ 1 asym < 0.8 HERARFHNEERF)ES -
300+ -
o . . m s
« After cut, the BKG is 11.3% in fit range ngzSO: .
=200/
- % asymmetry is defined as ]22 3
50 =
0 . |Ey1_Ey2| o o0z 04 06 08 1
- asym = n® asymmetry
Pro
- mached ] aso00| M092SMas<096: [ — Signal MC
- ] S + B =279022
2500 f; —— yunmatched| __ Signal = 214150 —~ Y match
i i (\_l_C:J_. 20000 Background = 31519 oy unmatch
2000 |- 2 B/(S + B) = 11.30% ]
) - i S - i
E - lJ — 15000 — ]
S 1500 i = - ]
L|>J - m Z B i
1000 | i b 2 10000 .
B i (3] B i
> B i
"l IO ~ i
0 I L il 0 - T I = ] i T
0O 01 02 03 04 05 06 0.7 08 09 1 0.88 0.9 092 0.94 0.96 0.98

n® asymmetry M, (GeV/c?)
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Neutron in EMC — Photon

Neutron might leave a shower in EMC. This

shower might be mistakenly chosen as ay.

Neutron will inherit most of A’s momentum

so that 6,, , should be every small.

Osnower,n > 10°, the BKG goes to 5.68%

;:A_I_A_I_LIJIJIIIILILII\l\l\lJlJlJllLlLlLu_l__

0 20 40 60 80 100

BShower, A (0)
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0.35

25000 500,02 < M, < 0.96: "]~ Signal MC
S + B = 233781
20000 Signal = 204467 ¥ match
t:lg Background = 13288 Y unmatch
% B/(S + B) = 5.68% ]
= 15000 -
S - ]
— B ]
~— — —
~
= 100001 =
ﬁ - -
(] .
> B ]
/5000 -
0k + e o e Y I
0.88 0.9 0.92 0.94 0.96 0.98
M, (GeV/c?)
T I T T " L I T 1 1 | T 1 1 " T 1 1 [ T 1 1 : 350
188 300
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1 —200
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1 I L 1 ‘ 1 1 1 | L 1 L I 1 1 1 ‘ 1 1 L ‘ L : 0
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eShower, A (O)
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Initial Event Selection of A(— pr~)A(— an?)

> Charged Tracks » Shower Selection
|cosO| < 0.8, E > 25MeV

0.86 < |cosf| < 0.92,E > 50MeV

e V. <10cm, |V,] <30cm

* |cosO| < 0.93 « 0L<TDC <14
* Nshower > 2
> PID (Use dedx+TOF) * Orpgy = 10°
- Proton: p > 0.5 GeV/c && PID: » 2C Kinematic fit
Prob(p) > Prob(K/r) * Loop all y pairs, 2C kinematic fit is

. Pion: p < 0.5 GeVic && PID: performed on the hypothesis of Anyy

Prob() > Prob(K/p) * 75 < My, <175 (MeVic?)

« nProton > 1; nPion > 1 - Ais from secondary vertex fit

» Anti-neutron is treated as a missing

» A Reconstruction particle
- Primary and Secondary vertex fit - Constrain M;; 0 = M{°¢
« Choose pr~ with least x32,. - Constrain M,,, = M?}¢
e L/o,>2.0

* Xiempie < 100

* Xs?ec <15 )
« Mz €[0.9,098] GeV/c

«  |My- —1.1157| < 8 MeVI/c?
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Self-Background

- Same as npi0

« yunmatched: 0,,c r,:n > 15°, gamma level

- % unmatched: at least one gamma of 7° is unmatched, event level

Events/(1.80)

y
TR AN R RS SRR BRSNS |
20 40 60 80 100 120 140 160 180

vl o
eMC, Truth ( )

Events/(1.80)

7\ AT
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y Distribution
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Events/(4.00%107)

Events/(0.80cm?)

Shower Shape Comparison

Secondary showers of antineutron are misidentified as good photons.

.
« TMVA Method to exclude unmatched gamma
0
« BDT > 0.15, BKG goes to 13.26%
1600 - — ¥ matched 4000 — Y matched
r — v unmatched E — ¥ unmatched
1400 o " poo reweight 3500 = - TEWEIZHL
1200 [ 3000
H S g
1 .| - 2500 —
= E
= 2000 |
4 F
Hosoo o
1000
0 E co v b v b by 9 > LT DO B 0 g S - R S
0 005 01 015 02 025 03 035 04 0 5 o 15 20 25 30 35 40
A42 Moment Ny
2200 F — 7 matched — 7y matched
2000 |~ — ¥ unmatched i — v unmatched
1800 | - Teweight 50000 reweight
1600 |—
1400 & 4000 [}-
1200 —
3000
1000 i . I
800 fi-
600 -
400
200
Y e i T B SR N TP 0 e o e gy
0 o 20 30 40 50 60 70 80 0 005 01 015 02 025 03 035
Second Moment (cm?) (e5x5-e3x3)/e5x5
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TMVA overtraining check for classifier: BDT

TMVA

U/O-tlow (S, B): (0.0, 0.0)% / (0.0, 0.0)%

3 5 Signal(test sample) "« Signal (trainihg sample) | ' -
= Background (test sample) = B d (training
;- :Kolmogorov-ﬁmimov test: signal (background) probability = 0.532 (0.00263) ]
T 4C B .
3 =
2~ .
1L A
o I W2 LT iR A ol
-0.6 0.4
BDT response
g 100 L O VOV ROV VSTRSTOOE SYVVISIOOOOTPOOROIOS OO
g T _ | = BDT Cut
g T 0.7~0.15
i &
w
5 L
c -
=2
& L
60 —t
40—
20 b s
ol v 1 |
0 20 40 60

80 100
Background Exclude (%)

14




Anti-neutron in EMC — Photon

3500 — L L 22p
E > > Lb
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600 — * . 1000 All = 12233
- Yhigh ok, ¥y 1O 1207 (6.94%) a matched = 11137
. 500 :— Yhigh no, Y ok, 905 (5.20%) ‘>9. 200 unmatched = IU‘th BDT > 0.1 5
OO C Y no, y_ no,493 (2.83%) D) unmat/all = 8.96%
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S % Or YhighA 7
A 0 n’ unmatched = 2605 S . tgiv
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Analysis Summary

23000 M 0.92 <M, < 0.96: — Signal MC 0.92 < M, < 0.96:
S + B = 233781 o 00|  All=12233
520000 Signal = 204467 v match a0 matched = 11137
t:lg H.i\.‘l\:_‘l'ulllld = 13288 7 unmatCh 2 unmatched = 1096
> B/(S + B) = 5.68% i > 800 omayall = 8.96%
= 15000 [ - E -
= i % O
: - i S B
g | ] S
= - . > L
M 5000 j ] 88 200 —
0 L b S Rty T et — |7 0 T e e e L i . e i a2 S ST S
0.88 0.9 0.92 0.9 0.96 0.98 09 091 092 093 094 095 09 097 098
2
M, (GeV/c?) M_ (GeV/c?)
nm® nn®
Signal Efficiency 21.09% 14.18%
BKG Exclude 5.68% 8.96%
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IO Check

 Using mDIY MC to estimate normalization constant

1 sample =1 data (Generate 425w events), 50 samples

. Toy MC BERMAE, NS0 MEADHEEL10x data i BIRY, 50 MEAFFAMCH

My pdf in likelihood fit: . BEEFRMAMento Carlo5EEITMCIRD
P& ) = CW(E; a)e(E) . gf%ﬂﬁﬁ.li%ﬁ?ﬁ’u‘ﬁMQiM&#
€ =] WG e . KIRATERBPHSP MC
GIENMSFREEMEINEN DR, WRDWIETTEER:
NToyMC .
[ PED o p[WED) W(E; )

W a') - W& a)| Nroyme ; W(&;a')

* Nroyuc: BRISEBIToy MCETERIHIERRHISBIL

- W: RDHIRIE, ¢ : BMFE, «': Toy MCHENADHSH
o ANHIRIEPHGNSEH



Truth

prtnm?
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Events/ (0.67)

Events/ (0.67)

ruction + y Matched
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50 independent MC samples

MITHIMCER4(x10)

[ C 0 15
15 mean =-0.20 £0.133 T mean = -0.20 + 0,144 ul® mean = 0.05 +0.169 - mean = -0.05 +0.155
L 15— r o
= L =094 +0.093 - =104 £0.103 |2 r 6=120 £0.119 L 6=1.10 £0.109
S F r oI5k L
=} r L =) L 10 -
3 b S E i
£ L C s wf i
2 + L 2 F L
4] 5; - = r 5
L _‘ij 5—_ L
oldd NS EN SR, ! 1. old N SRR 4 Nl ]
—4 -2 0 2 4 -4 -2 0 2 4 -4 -2 0 2 4
al/\y AD a, an
H* \FEMCf/\ﬁ‘(H 0)
L - C 5k
s mean =041 +0.127 I mean = -0.18 +0.135 s mean =0.02 +0.162 [ mean = 0.02 +0.149
L 6=0.91 +0.090 0= 6=0.97 £0.096 L 6=1.16 £0.114 L 6=1.06 +0.105
= r = - = - = L
© - o | = r e L
(=] B (=] (=] ]ﬂ- (=]
< ok 1= L = _ = L
=] r o =] r [=] r
2 | 2 wor st 2 1
jSa} I S| I |8a] r m 5
S | He .
: /. - i [ /
Sl L/ oLt L1 W | ol LFT ! 1l
—4 -2 0 2 4 -4 4 -4 -2 0 2 4
ay, a, a




An interesting mistake
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- HAMCIRY or HIIMMCIRS?
+ MCRAZRITEMEHIEN/E?
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Discussion | Jianyu’s 1O Check

4.2 Input and Output Check

We perform the input/output check by using signal MC generated with the amplitude given by Eq. 1 to
fit, and the free parameters a;/,, A®, a_, a, of the amplitude is fixed. The yield of each set of signal
MC is 68 x 10° which is about 7 times of data set. The results are shown in Table 3, in which the

Qag = (4 — a-)/2 is the average value of decay parameters.

Parameters Input value Output value (output-input)/error
am 0.4610 0.4602 + 0.0008 1.0
AD 0.7400 0.7326 = 0.0015 4.9
a- 0.7540 0.7541 = 0.0014 0.07
@ -0.7540 -0.7527 £ 0.0014 0.93
Acp 0.0000 0.0010 + 0.0018
Qg 0.7540 0.7534 + 0.0004

Table 3: Input/Output check results of signal MC. The mean value and the statistical uncertainty of
output are the mean value and the root mean square of ten fit results respectively.

5.3 Fit Method

Toy MC are generated to estimate the uncertainty due to fit method. The difference between the input

and output value is taken as the systematic uncertainty, which is shown in Table 3.

Yupeng, Pei Title



Discussion | Hongfei’ 1O Check

6.2 1I/O check

After obtain the likelihood, We perform the input/output check by using 100 sets of DIY MC, in the

fitting procedure we fix aa(@a) to 0.754(-0.754). The yield of each set of signal MC is 3.249 x 10°

which is roughly same as data. The input/output values are shown in Table 5. The distributions of the

fitting results are shown in Fig. 15 and Fig. 16. The output values are consistent with input.

0.94
0.35
0.35
0.48

Table 5: Input/Output check results of DIY MC.

parameters  input output parameters  input output

gy 0.5280  0.5331 + 0.0054 A(EjP 0 0.00086 + 0.0058

AD 1.190 1.184 + 0.017 Bep 0 0.0000 + 0.0063

=0 -0.3795 -0.3784 +£0.0031 < az > -0.3795 —0.3782 + 0.0022

V=0 0.3795 0.3780 +0.0031 < ¢= > 0.0150  0.0192 + 0.0074
=0 0.015 0.0193 + 0.0108 A, 0 0.001 +0.016

h=o -0.015  0.0191 £0.0084 A, -0.037 —0.051 £ 0.019




7.6 Fitting method

We fit the MC truth to estimate the uncertainty casued by fitting method. We use 273M PHSP MC events
truth information and 10 sets of 2.73M DIY MC events truth information to perform the maximum
likelihood fitting, the results are shown in Table 12. We take the difference of output mean value and

input as the uncertainty.

(output-input)/error  parameters input output parameters input output
0.5 Oy 0.5280  0.5271 +0.0018 A%P 0 —0.0001 £+ 0.0026
1/3 AD 1.190 1.188 + 0.006 qb%P 0 —0.0007 + 0.0020
0.5 =0 -0.3795 -0.3793 £0.0011 < a= > -0.3795 —-0.3793 + 0.0005
0.08 Q=0 0.3795 0.3794 + 0.0012 < ¢= > 0.0150 0.0142 +0.0019
0.65 $=o 0.015 0.0135 +£0.0023 A, 0 0.002 + 0.005
1/32 P=0 -0.015 -0.0149 £ 0.0032 A, -0.037 —0.037 + 0.005

Table 12: Fit method uncertainty estimation. The mean value and the statistical uncertainty of output are
the mean value and the root mean square of ten fit results respectively.
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Parameters Input value Output value (output-input)/error
_____________________________________ @y | ... 0410 |  04602+00008 10
AD 0.7400 0.7326 + 0.0015 4.9
- 0.7540 0.7541 +£ 0.0014 0.07
@, -0.7540 -0.7527 + 0.0014 0.93
Xiongfei
(output-input)/error ~ harameters  input output parameters  input output
0.5 @y 05280 0.5271+0.0018 AZ, 0 —0.0001 + 0.0026
1/3 AD 1.190 1.188 £0.006 ¢, 0 —0.0007 + 0.0020
0.5 =0 0.3795 -0.3793 +0.0011 <az > -0.3795  -03793£0.0005 Roc
0.08 F=0 03795  0.3794+0.0012 < ¢z > 0.0150  0.0142 = 0.0019
0.65 b0 0.015  0.0135+0.0023 A, 0 0.002 + 0.005
1/32 P 0.015  -0.0149 + 0.0032 A, -0.037  —0.037 £ 0.005
(output-input)/error - parameters  input output parameters  input output
0.5 @y 0.5280 0.5271+0.0018 AZ, 0 —0.0001 = 0.0026
1/3 AD 1.190 1.188 £0.006  ¢Z, 0 ~0.0007 + 0.0020
0.5 a=o 03795 -0.3793 +0.0011 < a= > 0.3795 —0.3793 + 0.0005
0.08 o 03795 03794 +0.0012 <= > 0.0150 00142 00019 truth
0.65 b0 0.015  0.0135+0.0023 A, 0 0.002 + 0.005
1/32 b= 0.015 -0.0149 + 0.0032 A, -0.037  —0.037 + 0.005




Summary and Next to do

Summary
* Finished n® and nr° event selection

* Less than 10% background

Next to do

« Optimize cuts in i’

* Perform IO Check under background
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