1/0 Check of Angular Fit of J /¥ — AA

J/Y = A(= prT)A(— nr®), Measure a
J/Y = A(= pr~)A(— ar®), Measure @,

TS



Simply Introduction (4 Parameter)

aop+

%0 to do CP test

Measure Acp = p—
0~ %o

Production Parameter of spin-1/2 baryon at cc: Angular distribution parameter a,, and relative phase A®
Decay Parameter for 2-body decays: Decay parameter «, and @,
Joint angular distribution: (¢ = (6, 6,, ¢.,, 07, D7)

Polarised part Spin correlated part

W& = To(§) + ayT5(8) —

- - a0 -ano)

Table 1| Summary of the results Acp Value
. . a(A - nn®) + a(A - an®) §
Parameters This work Previous results 5 — ¢ Not be measured
A a(A = nn?) —a(A - an?) |
a, 0.461+0.006 +0.007 0.469 +0.027 (ref. ') a(A = pr7) + a(h - prt) _0‘50025 + 0.0046 + 0.0011
Ao 424+0.6+0.5° T a(A=>pn)—ah—-pr*) ,,,,,,,,,{0,,006,,J_c,o,,ol,z,i,o,oo?,,,,,,,,,,
a_ 0.750 0.009 +0.004 0.642+0.013 (ref. ©) «(z* = pr®) + a(E- — pr¥) |
6 — — -0.004 + 0.037 + 0.011
a, —0.758+0.010+0.007 —0.71+0.08 (ref. ©) . G = ) = = pr0) |
o —0.692+0.016 +0.006 - aZt s nnt) +aE - an) jo 049 £ 0,054 0,030
Acp —0.006+0.012+0.007 0.006 +0.021 (ref. ©) a(Zt s> nnt) —a(Z~ - nn) C - -
ao/, 0.913+0.028+0.012 - @@ = AnT) +a(E" = AnT) 0,004 £ 0.012 £ 0.007
Parameters: JAy-> AA angular distribution parameter a,, helicity phase Ad, asymmetry a(Ei - Ani) — G(EJr - AT[Jr)
parameters for the A — pr~ (@), A > pr* (a,) and A + i (@y) decays, CP asymmetry Acy and —0 (X(EO N ARO) + (EU . /_\RO) §
ratio @/ ;. The first uncertainty is 1s.d. statistical, and the second is systematic, calculated as = -0 0 =0 = 0-@022 + 0.0061 £ 0.0013
described in the Methods. a(=° - Ar°) — (2° = An®) :




Simply Introduction

 Event selection of J /¢ —» A(—= prt)A(—= nr®) and J /¢ = A(— pr™)A(— nr?) is performed and the optimization have done.
« The main background comes from self-mis-combined background, but some different:

« nm? channel: Mis-identification of neutron showers;

- 7Y channel: Secondary shower related of anti-neutron.

- After event selection, the self-BKG is 3.58% and 7.02% of nr® and nirr® in signal region.

0.928 <M, <0.955: — Signal MC 50000 0.928 <M. <0.955: — Signal MC
70000 All = 801038 — 1° matched All = 597585 —_— TCO matched
< 60000 matched = 772380 7® unmatched SN matched = 555632 7® unmatched
‘S ‘S 40000
() 50000 unmat/all — 3.58% (D) unmat/a]l — 7.02%
2 - 2 30000 :—
% 40000 |- % ]
=2 - S N
= 30000 |- 320000 [—
5 C S B
2 20000 |- Q -
84 n K 10000 —
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- r i B . , . Bt
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Parameter Estimation

«  Maximum likelihood fit method is used to estimate the decay parameters.

Niig Npkc

N
S=-inL=-% IWE.a)+ —= > InW(E, @)+ (Nsig — Npig)InC™!
=1 =1

BKG

W, a) WeE o), 1 & WEa)

W, a)e(€)|= EJ

c! - f JEW(E, @)eE) = f i

(W(g, a,) (W(g, Cy,) NToy i—1 (W(g, Cy,)
* Ny, Events of data * Ny, : Events of mDIY toy MC
* Npkg: Events of background in signal region * «a: Pending decay parameters of data
* Nz Events of a sample to estimate the background * «a': Known decay parameters of toy MC

(mDIY exclusive MC or Sideband)
« W(&;, a): angular distribution

C: Normalization factor, estimated by mDIY Toy MC



Outline

« Background Estimation

« Exclusive MC to estimate BKG

» Sideband Method to estimate BKG
« Simultaneous Fit

« Aproblem: Fit error in RooFit



Outline

* Exclusive MC to estimate BKG



|O Check | No BKG (use matched MC)

50 independent samples (1x data) + 1 share mDIY integral MC (50x data)

15

10

w=0.005 +0.137
6 =0.980 £0.097

Q
A->nm

pn=20.016 £0.152
c=1.088 +0.108

0
A->nm

20

n=0.043 +0.154
o=1.103 £0.109

0
A->nm

n=0.021 £0.139
¢ =0.996 +0.099

(1]
A->nm

B 15— - 15
- 10 - [ 10 -
[ 5 [ sk
[ N D i AN SN NG
-4 2 4 —4 2 4 —4 -2 2 1
a,
C w=0.003 +£0.130| 20 n=-0001 o.116] [ n-0012 to110] [ 0 =0002 +0.123
[ ¢ =0928 +£0.092 : c=0.826 £0.082] 20 [ o =0.847 +0.084 20 -_ c =0.880 +0.087
B A->mn’ - A->nr’ B A->an’ - A->nr’
- 15 - -
N : 15 oy
— 10 ._ 10 -_ 10—
[ s s 5
(L [ 1 0-1' ] I .l 1 1 1 0'1 1 Ll | 0'1 1 I 1 ]
—4 —4 2 4 -4 ) 0 2 4 ) i) 2 4
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|O Check | With BKG, use exclusive MC to estimate BKG

50 independent samples (1x data) + 1 share mDIY integral MC (50x data)

20

n=0.017 £0.138
o=10.984 +0.097

(1]
A->nm

20

pn=0.016 £0.148
o =1.055 £0.104

0
A->nm

15

n=0.043 £0.157
c=1.118 +0.111

Q
A->nm

15

n=0.037 £0.141

o= 1.004 £0.099

Q
A->nm

w=0.023 +£0.137 B u=-0.002 +0.104 w=-0.033 £0.121
20 -
o =0.975 +0.096 i c=0.744 +£0.074 | 20 G =0.863 +0.085
15 A->in’ A->un’ A=’
15 15
10 — B
10 10 F
N 5 sk
o LL IENEEN SN I N O Y o O L1.]
—2 0 2 4 —4 -2 0 2 4 -4 4
a —
Iy AD 4

20

15

10

10_ 10
sk S
1 Nt 0o [
—4 -2 0 2 4 0 —4 -2 0 2 4
AD a, Ay

w=10.007 £0.122

¢ =0.873 £0.086
R->un’




Outline

» Sideband Method to estimate BKG



Sideband Check (Just A = nrt?)

16 moment distribution b T e :
. _ Bk = T = 5o oo
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Check 16 Moment of Signal and BKG In M,,

4 regions in mass of n/n:

0.9, 0.928] (Left Sideband)
0.928, 0.942] (Left Signal Region)
0.942, 0.955] (Right Signal Region)
0.955, 0.98] (Right Sideband).

~
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BKG 16-mom

4 regions in mass of n/n:
[0.9, 0.928] (Left Sideband)
[0.928, 0.942] (Left Signal Reg

[0.942, 0.955] (Right Signal Re.

[0.955, 0.98] (Right Sideband).
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Neutron Truth Match Angle
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Fit Result (Use left and right sideband to estimate BKG)

50 independent samples (1x data) + 1 share mDIY integral MC (50x data)

15

n=-0.040 +0.141
c=1.008 £0.100

0
A->nm

4

n=0.150 +£0.159
c=1.137 £0.112
A->nr°

n=10295 £0.152
c=1.087 £0.108
A->nrt’

n=-0.293 £0.140
c=1.002 £0.099

15

0
A->nm

15



Outline

* Simultaneous Fit

J/Y = A(= pr*)A(— nn®) use the angular Function W(§; a; , AD, ary, @)
J/W = A(= pr)A(— iin®) use the angular Function W (&; «; y, AD, ar_, @)

Share the a and A®

16



|O Check | Simultaneous Fit (No BKG)
50 independent samples (1x data) + 1 share mDIY integral MC (50x data)

20 = p=0.007 £0.134 i n=0.014 £0.148 B n=10.041 £0.153
- ¢ =0.959 +0.095 B 6 =1.060 £0.105 - 6 =1.095 +£0.108
L 15 = . 15f= .
- Simultaneous L Simultaneous i Simultaneous
15 L L
: 10 = 10 b=
10— L i
L 5k S
5 L L
0 0 0
—4 -2 0 2 4 —4 -2 0 2 4 —4 -2 0 2 4
Ay AD a
[ w=0.022 +£0.140 [ u=0.001 £0.122 3 u=0.012 £0.117
15 6 =0.997 +0.099 20 - o =0.869 +0.086 ] = 6 =0.832 +0.082
: Simultaneous [ Simultaneous - Simultaneous
- 15 = =
10 C X
I 10 f- -
g - r
L sE -
0 0 L
—4 -2 2 4 -4 -2 2 4




|O Check | Simultaneous Fit (With BKG, use exclusive MC to estimate)
50 independent samples (1x data) + 1 share mDIY integral MC (50x data)

1=0.028 +0.144 - p=0012 £0.133 i w=0.040 +0.155

¢ =1.030 £0.102 B c =0.953 £0.094 15 c=1.108 £0.110

15 -_ Simultaneous 15 = Simultaneous : Simultaneous

a,
p=0.037 £0.140 C n=0.006 *0.123 i u=-0.033 +0.120
6 =1.001 +0.099 2 [ 6 =0.876 +0.087 6 =0.854 +0.084
15 [ Simultaneous B Simultaneous 20 Simultaneous




Outline

« Aproblem: Fit error in RooFit (How to calculate the fit error in a sub-range ?)
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Fit Mass Check

« Exclusive MC: Difference just in random seed < Signal MC:
* J/Y - A(- prt)A(-> nn®) (use mDIY, 1 xdata) * J/Y - A(= prt)A(- nn®) (use mDIY, 1xdata)
e J/Y = A(= pn~)A(- an®) (use mDIY, 1xdata) * J/Y = A(= prn™)A(- an®) (use mDIY, 1xdata)

* Fit Formular:
PDF = Signal (matched exclusive MC shape) + BKG (unmatched exclusive MC shape)

0.928 <M, <0.955: —4— Signal MC 0.928 <M, <0955 —— Signal MC

— Total fit — Total fit
N matched = 772550 £912) 4y | Mat Shape = matched = 555078 £795| §f§ | Mat Shape
‘1_3 60000 immatched =28593 +£229 e INMat Shape ‘:‘2 unmatched = 42233 +272 e UM At Shape
% % 40000
= 2 !
g o __ g , ;#ﬁ{ﬁ#@wéﬂw
E/ i <cl:/’)()()(),() - ¥ o | - K kﬁ#*
- — P
£ ] 5 o
© 20000 [— Q I\
&3 } m
%.9 0.92 '|01)4III 0.96 0.98 %?j!!! L 0.62 “FI0|94I ‘-"”""‘"'-'”‘6-796 0.98
M, (GeV/c?) M, (GeV/c?)
i : A - nr® A - an®
Signal Region
Matched Unmatched Matched Unmatched
Truth Match 772380 28658 555632 41953
Fit 772550 + 912 28593 + 229 555078 + 795 42233+ 272
disparity 0.190 0.280 0.700 1.030 20




Error in Signal Region

1400 —

Use a RooFIt error propagation function

<, 1200 .
= https://root-forum.cern.ch/t/roofit-integral-error-and-manual-
§ 1000 question/45864/5
o0 RooRealvar *xxx = w->var( );
=) Xxx->setRange( , IEMEEIEEE, up_count);
= 800
A RooAbsReal *sigint = sig->createIntegral (¥*xxx, *Xxx, )
E RooProduct sig_yield{ , , 1*sigint, nsig}};
) Nmat_sig = sig_yield.getval(Q);
[E 600 B NmateErr_sig = sig_yield.getPropagatederror(*result, x);
B RooAbsReal *bkgint = bkg->createIntegral (*xxx, *XxX, );
400 — RooProduct bkg_yield{ , , 1*bkgint, nbkg}};
I 1 1 1 | | I | I I 1 1 | | I N | l | 1 1 | | 1 1 1 1 I L1 1 1 Nmat_bkg = bkg_y-i e-l d b getva-l () ;
0.9 091 092 093 094095 096 097 0098 NmatErr_bkg = bkg_yield.getPropagatederror(*result, x);
M_ (Ge\lc?)
n
42233 + 172
fracgke = pdfpkc = 0.4
SigReg 172 <+42233 = 205.5
42233 + 272
BKG BKG BKG  _ BKG
Nsigreg = fracpke X Npig Osigreg = JTACBKG X OFjt

Osigheg =\ fTaCBKG X OFit -
Nei o 5 opy ¢ RIMEEEINARSIHSIRE



Fit Check #=HiaseE, EEBKGEHRZEERZ (LAnpioJafl)

Matched Unmatched
N Nerr N Nerr
[0,9 0,98] 783846 919 73771 369
[0.91, 0.97] 783492 927 60132 368
[0.92, 0.96] 780777 957 42647 423
[0.928, 0.955] 772516 1052 28522 610

Fit Range

0.900 <M, <0.980: —+— Signal MC 0.910 <M, <0.970: —+— Signal MC 0.920 <M, <0.960: —+— Signal MC 0.928 <M, <0.955: —+— Signal MC

— Total fit S i g — Total fit bed = 780777 +957 G — Total fit el RS EARGE ® — Total fit
'''''' Mat Shapc matched = 783492 +927 G Mat Shapc matched = £ 0f S Wi Shapc imatched = 7725 + 1052 s Nt Shapc

unMat Shape unmatched = 60132 + 368 unMat Shape | junmatched = 42647 + 423 unMat Shape | |unmatched = 28522 +610 unMat Shape

matched = 783846 +919
60000 [unmatched = 73771 + 368

~

00 —

Events/(0.80MeV/c®)

17 [ LI L I | NN G |

| ' 1 gy | 1 )

1 t 1 1 1 Qs frguiing o ! i 1 2 L | I ? 2 I b I
1 il | 1 1 )
0.9 0.92 0.94 0.96 0.98 0 0.92 0.94 0.96 ).92 0.93 0.94 0.95 096 0.93 0.94 0.95
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Summary

A - nr® A - on®
Parameters
Pull u Pull o Pull u Pull o
oy 0.017 £ 0.138 0.984 + 0.097 | 0.023 £ 0.957 |0.957 £ 0.096
Ad 0.016 £ 0.148 1.055 + 0.104 0.002 +£0.104 |0.744 £ 0.074
(A > nm® ;(rA S pr) 0.037 £ 0.141 1.004 4+ 0.099 0.007 £ 0.122 |0.873 £ 0.086
& - pr* fﬂ—\ - an) 0.043 + 0.157 1.118 + 0.111 |—-0.033 +0.121 |0.863 + 0.085
Simultaneous Fit
Parameters Pull u Pull o

0 0.028 £+ 0.144 1.030 £ 0.102

AdD 0.012 + 0.133 0.953 + 0.094

a, (A - prt) 0.040 + 0.155 1.108 + 0.110

ay(A - nm?) 0.037 + 0.140 1.001 + 0.099

oa_(A - pn7) 0.006 + 0.123 0.876 = 0.087

ay(A —» nm?) —0.033 + 0.120 0.854 + 0.084

23



Next to do(2022-09-05)

« TruthBim 1 ERTIRAVIERE «  TruthB9I08Ypullf9FICMER0.2, tBeTLUESS,
L I PUERTRTEN, utGER, R (BRI FHER D WS, (OB T?
o« AILAEruth->F > 5HE, REHIE MNEREELETET

«  Npi0Snbarpi0SAAIIFR, BZE5I? (nbarpi0) . BREGS/N, . . . .

o« TruthiX{RrZ AR ZES
©  FILIRMCERG D R19(x25), DEIE, ERAHIER
- 16FERYERI:
- EAREELT, IPEEER?
«  CO3FOC30MI%IXIFR, (HEAXIFR
o FIEEXED IR, B, ZEEEs deband AR
+ SidebandfgFiE5SexclusiveAYyLL 2
« SidebandBIBKGEHISEEXERED, {HexclusiveE50%, —EARE—TER
« AlexcRAAldataIAE, BiER
« HETAxX1 x10 x25FF T
« Simultaneous FitS RS SEELVRAIEN S HRNETIER, BEHENE
- MBRIE, alpha_jpsifIDeltaPhiZEiFXdFalphafalphabarSZlaA Ak
* SidebandAVIRFMEERE, SHHENEWNRAHexclusiveimA, l{alxb2datafIMCRUZRI?  Sideband BVIRAEXT T 15K IE
fRdatafIMCREE
. ?%E%%Fﬁ??ﬂ?ﬁiﬁﬁ B, EAERFXESEGEET, pdfSFAREEME, NAEIN, EBRER, 1%
ARz M GBI T]
- NTHIEEE, I eElKEN, USREERHK, RABEEE/), ESTIREXERERMNE, KXo Eik
Kitd/)N, ANERIZIFRESE, IRETK



15

10

20

15

10

—

n=0.043 £0.157
o=1.118 £0.111

(1]
A->nm

n=-0.033 £0.121

[ 6 —0.863 +0.085

B A->nnd

] ] I 1 1
—4 4

15

10

20

15

10

Q1: npi0SnbarpiOAYAIIFR

T
—

n=0.037 £0.141
o =1.004 £0.099

(1]
A->nm

—

w=10.007 £0.122
¢ =0.873 £0.086
A->nn’

L
N
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10 Check | nbarpiO Truth with Efficiency (MCFR#F/9p
PUlERZETERT N sampleF

RER (RN

J/1N25X)

15

10

20

- p=0.065 +0.129 - u=0.071 £0.118 [ u=0.091 £0.120 s p=0.056 +0.126
- 20 — . -
i 6 =0.921 +0.09] i 6=0842 £0.083| | c=0856 +0085 | 2°[ o =0.898 +0.089
L - 20 -
- A->mrl B A->nn’ C A->nn’ - A->nr’
i 15 |- I 15 -
I 10| 3 0
i i "X25 I
[ SE [ =
Ll Al S N 5 O S Ll S Y o S L L1l
—4 ) 0 2 4 —4 —4 4 —4 -2 0 2 4
= w=-0.057 £0.129| [ w=-0072 x0.118) [ n=-0.069 +0.120( | p=-0.054 +0.126
[ 6=0921 +0.091 |20 |- G =0.843 +0.083 20: 6=0.855 £0.085| | 6 =0.899 +0.089
- A->An’ - A->fn’ : A->fn’ 15 >’
- 15 ~ 15 i
i - [ 10
N 10 [~ 10 [ i
| | £~ kx5 i
B S5 5 B
L1 WU o S L1 1| Bl Ll Ll Ll L] 1
4 —4 -2 0 2 4 —4 4




1O Check | Truth (FtitESE

=7218R)

50 independent samples (1x data) + 1 share mDIY integral MC (50x data)

15

10

15

10

- A->nm’ i A->nrt’ - A->nrt’ i A->nm’

[ u=-0.009 +0.138 [ n=0.012 £0.141| ,, [ u=0.005 £0.148| [ w=0.019 +0.148
C 0=0.987 +0.098| 5[~ 6=1007 £0.100| [ 6=1.059 £0.105] 15| 6=1.054 +0.104
- I 15 i

C 10 [~ [ 10-—

[ - f [

[ sk X st

L B 5 ~ B

(L1 Ll .l .%1110-1 I'III}%,..,.. Ll

) - 0 2 4 -4 -2 0 2 4 0= ) 0 2
oLy, pull AD pull o, pull

- A->an’ 20 A->An° i A->nn® i A->An’

. w=-0.001 £0.121] [ w=0.006 £0.139| ;5| w=0002 £0.144| [ n=0.025 £0.151
[ 0=0.862 £0.085| [ 6=0.991 £0.098| [ c=1031 £0.102| ,s[_ 0=1076 £0.106
= 15 : B

r i N ol

L 10 o B

~ s n T

(L] Ll L 1 IR e Ll

-4 -2 0 2 4 4




|O Check | Truth with Efficiency
50 independent samples (1x data) + 1 share mDIY integral MC (50x data)

15

10

15

10

[ 1w=0.007 £0.134] 20 1=0018 +0.152| 20F w=-0042 +0.156| F 1L =0.020 *0.141
B =095 +0.095| | o=1083 +0.107| | s=1112 o110| | 6 =1.006 +0.100
- A->nrw’ s A->nm’ B A->nr’ s A->nm°

i 15 15 -

N 10 10} o

__ 5+ 5 5 _—

L] LU ,u U AN N L L]
4 ) 0 2 4 4 2 0 2 4
Ay a, a,

- w=0.004 +0.129] 20 w--0000 to118] [ 1 =0.011 £0.120 | 20 = L =0.001 +0.126
. o=0921 x0.001| | 6=0.843 +0.083 | 20 - 0=0856 +0.085| [ 6 =0.898 +0.089

L A->urd - A->an’ B A->nn’ - A->un’

i 15 - 15

B i 15 i

- 10 a 10 -

- - 10 — L

i S 5 r

L] NN SR IR ) IS AR N BN S : L Ll L1l
—4 4 —4 ) 0 2 4 —4 i) 0 2 4 4 i} 0 2 4

ElJ/\u AD ﬁo a
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Efficiency Curve

-- Red Line: A » nn®

-- Blue Line: A - nn®

Charged A/A : HEBR0ERE, YWNFA - pr~,A- prt

08F E 025 07 E
C 0.4 — L C
0.7 - C E
- 135 — 02— 0-6:_
0.6 - C .
- 03 L 05—
05 = C .
= 0.15 F
: 125 E - 04 E
04:— 0“)_ : E
0.1 03
0.3 )15 C c
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n 11
-1 08 =06 -04 02 0

02 04 06 08 1

Charged A/A cos®

0 11
-1 =08 =06 -04 =02 0

02 04 06 08 1

Neutral A/A cos®

-1 =08 -06 =04 =02 0
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p/p cos®
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n/n cosO
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Q2: Excluxive5sidebandEb3x

Exclusive MC4 x50 data, mSideband{NEx1, TEB¥_EEELLER
*  FAx1fYExclusive MCELES

o Hx1 x10 x25 x5089Exclusive MC, FHZERBET1L,



Exclusive and Sideband (13

—ABEAE

IX[INBKG)

- w=-0.107 +0.137 B n=-0350 £0.148] | pn=0.120 +0.158 i pw=0.197 +0.140
- 20 - -
= 6=0.979 +0.097 s 6 =1.060 +0.105 - o=1.125 +0.111| 15} o =1.003 +0.099
15 N A->nr’ B A->nr’ 15 -_ A->nn’ : A->n’
I 15 i I
: : Exclus o
I i i
10 [ C L 10— -
i 10 i i
i - - 5+
5 N 5 5 _— B
oL Ll ,LL , Ll LL U U Ll
—4 -2 0 2 4 2 4 —4 4
aJ/\|1 a,
- w=-0.040 £0.141 - pw=10295 £0.152 B w=0.150 £0.159 - p=-0.293 £0.140
i - 20 -
15 |- 6 =1.008 +0.100 L 6=1.087 +0.108 L 6=1.137 £0.112 - o =1.002 +0.099
A->nr’ 15 A->nr’ N A->nr’ 15 A->nr’
A 15 :
Sideban
[ 10 i
C = i
] ] 0 s 0 I ] ] |
4 —4 -2 0 2 4 4




Exclusive MC (

] 1x 10x 25x 49x HINBKG)

Pull Value 1x 10x 25X 49x
u —0.107 + 0.137 —0.066 + 0.138 0.017 +0.138 0.017 +0.138
Ay
o 0.979 + 0.097 0.984 + 0.097 0.984 + 0.097 0.984 + 0.097
U —0.350 + 0.148 —0.053 + 0.148 —0.012 + 0.148 0.016 + 0.148
AD
o 1.060 + 0.105 1.054 + 0.104 1.054 + 0.104 1.055 + 0.104
U 0.120 + 0.158 0.046 + 0.157 0.052 + 0.156 0.043 + 0.157
ay
g 1.125 + 0.111 1.119+ 0.111 1.117 + 0.111 1.118 + 0.111
U 0.197 + 0.140 0.052 + 0.140 0.069 + 0.140 0.037 + 0.141
4y
o 1.003 + 0.099 1.003 + 0.099 1.002 + 0.099 1.004 + 0.099
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Q3: ZEIAZ1TEI0CheckA~ok?

F—HS 1 ETuthAZ R, XERHETR



IRETY(Truth 157W - Truth 77W — EffTruth - RecNoBKG)

Fit Value Truth(157w) Truth(77w) Efficiency Resolution
o ) 0.4740 0.4747 0.4747 0.4747
I/
0.4747 o 0.0025 0.0039 0.0042 0.0043
AD U 0.7515 0.7523 0.7524 0.7523
0.7521 o 0.0059 0.0088 0.0093 0.0094
U —0.7569 —0.7558 —0.7557 —0.7557
ay
—0.7559 o 0.0064 0.0083 0.0084 0.0084
a U 0.7389 0.7401 0.7402 0.7402
0
0.74 o 0.0057 0.0082 0.0075 0.0075
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A Y m
~ [ruth 157W th 77W - EffTrutl RecNoBKG
1A= >2 I'u / — Tru 1rutn — ReCINO
Pull Value | A->nm’ Pull Value | A->nm’ Pull Value A->nm’ 20 Pull Value A->nm’
uw=-0.268 +0.127 nput: o, = 0.4747 i =-0.009 +0.138 input: o, = 0.4747 w=0.007 +0.134 fnput: oy, = 0.4747 w=0.005 +0.137 Input: o, = 04747
156 =0.907 £0.090 1 =04740 £0.0004 1519= 0.987 +0.098 w=0.4747 +0.0005 155 =0.959 +0.095 w = 04747 £ 0.0006 a=0.980 +0.097 = 0.4747 +0.0006
L o =0.0025 +0.0002 - ¢ =0.0039 +0.0004 - o = 0.0042 £ 0.0004 15 ¢ = 0.0043 +0.0004
L F L —
10 r 1w N
- - L kb
i sk s sL
o] Ly Ll oLl A .I. L1l Ll ] ol h .1..I.,|. Ll oLl Ll
0.47 048 0.46 0.47 0.48 0.49 0.46 047 0.48 049
oy, val oy, value o, value
Pull Value A->nr Pull Value | A->nr Pull Value A->nrt” Pull Value A-=>nm”
u=-0.103 £0.135 Input: Ad =0.7521 n=0.012 +0.141 Input: Ad=10.7521 20| =0.018 £0.152 Input: Ad =0.7521 2|0 =0.016 +0.152 Input: Ad=0.7521
2016 =0.967 +0.096 w=0.7515 +0.0008 s ¢ =1.007 +0.100 u=0.7523 +0.0012 ¢ =1.083 £0.107 w=0.7524 £0.0013 o=1.088 +0.108 p=0.7523 £0.0013
L o =0.0059 +0.0006 F o = 0.0088 + 0.0009 L ¢ =0.0093 £ 0.0009 L o = 0.0094 + 0.0009
15 :_ L L 15 o 15 o
[ ok N I
= [ 0f wf
SE T sk sk
0:1 i L L 1l o L I | I Ll old o bl i Ll L1
0.74 0.76 0.78 0.72 0.74 0.76 0.78 0.72 0.74 0.76 0.78 0.72 0.74 0.76 0.78
A®D value AD value A® value A® value
Pull Value A->nm’ Pull Value A->nmt” 20 Pull Value A->nx’ 20 Pull Value A->nr’
15 =-0.209 +£0.149 Input: o, = 0.7400 ) w=0.005 £0.148 Input: o, = 0.7400 nw=10.020 +0.141 l Input: o, = 0.7400 n=0.021 £0.139 I Input: o, = 0.7400
o=1.064 £0.105 w=0.7389 +0.0008 o=1.059 +0.105 w=0.7401 £0.0011 o= 1.006 *0.099 w=0.7402 +0.0011 G =0.996 +0.099 | w=0.7402 +0.0010
L ¢ = 0.0057 +0.0006 L o = 0.0082 + 0.0008 15 40 =0.0075 +0.0007 15~ ¢ =0.0075 +0.0007
10 r [ [
[ B - 0 |
5 -_ I r N L |
L iE sk sk
ol | Jol el 1.l ol 1l oliddd ‘L | 1l
0.72 0.74 0.76 0.72 0.74 0.76 0.78 0.72 0.74 0.76 0.72 0.74 0.76
o, value o, value o, value o, value
Pull Value A->nm” Pull Value A->npt” Pull Value | A-=>nr’ Pull Value | A->nr’
uw=-0.165 +0.162 Input: o, =-0.7559 n=0019 £0.148 Input: o =-0.7559 w=0.042 £0.156 Input: o, =-0.7559 u=0.043 £0.154 Input: o, =-0.7559
s g=1.155 £0.114 W =-0.7569 +0.0009 15l =1.054 +0.104 W =-0.7558 £0.0012] 15|lg=1.112 +0.110 p=-0.7557 £0.0012 15|16 =1.103 +0.109 =-0.7557 +0.0012
“F o = 0.0064 +0.0006 3 o = 0.0083 + 0.0008 - o = 0.0084 +0.0008 L o = 0.0084 +£0.0008
[ [ L N L
o o Wl of
sk sk sk s
oLl s . 1 olld L | 1l oud 1] oL ! L]
078 ~0.76 ~0.74 —0.78 ~0.76 ~0.74 ~0.72 —0.78 —0.76 —0.74 ~0.72 —0.78 ~0.76 —0.74 0720

o, value o, value o, value o, value



Q4: Sideband 95%n



Check 16 Moment of Signal and BKG In M,,

4 regions in mass of n/n:

0.9, 0.928] (Left Sideband)
0.928, 0.942] (Left Signal Region)

0.942, 0.955] (Right Signal Region)
0.955, 0.98] (Right Sideband).

0.928 <M, <0.955:
700001 A1l =801038
matched = 772380

— Signal MC
— 71t° matched
n° unmatched

I~
<%, 60000
~

© 50000 |__unmat/all = 3.58%
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o o
@ 40000 =
— -
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% -
© 20000 [
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10000 —
0: L -—— 1..|“i’.||\.;”‘5§‘%:: L
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Right Signal Region Right Sideband
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nm
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Nsig - 299528 255854 -
nm
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BKG 16-mom
A - nr®

Left Sideband: Red

Left Signal Region: Black
Right Signal Region: Green

Right Sideband: Blue
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BKG 16-mom

A —» nm? Channel

Left Sideband: Red

Left Signal Region: Black
Right Signal Region: Green
Right Sideband: Blue
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BKG Truth Match Angle A - nm®
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|O Check | Exclusive MC Method Detalls
50 independent samples (1x data) + 1 share mDIY integral MC (50x data) Some Detalils

Nsig: F=4E50/mDIY MC (1x data), (B> mDIY &8 match ] unmatch)
NBKG: #AZA[EAY Exclusive MC, HH_EiAR50f3 mDIY MC1EZ!:

50 mDIY MCf8&unmatchZBs>

o XJFHLAE sample i, FRiZYMNE(H mDIY MC unmatched jJifE—#2, {E9sample i BYexclusive mc
Nbkg: FH match 1 unmatched BYFZRFAE MDY MC, 1BZINbkg, S0 MMEEARESFAE[EIRERY match F0 unmatch F2ARILE
NToy: 50/ mDIY MC mached G ER{ESIMCFR5SHY Toy MC

0.928 <M, <0.955: —=— Signal MC
— Total fit
50 s matched = 772550 £912| ¢y g Mat Shape
( I ) unMatch ( I ) “_'9_ 60000 lunmatched = 28593 +229 . unMat Shape
Ny (sample_1) = ZN - sample__i > i
—— sig — >
j >
=+
fext 53 40000 (—
50 S |
o
— Match b= _
Nroy = Nsig 2 20000 —
=1 68 L
Nisig NpkG 0 g
bkg 1 0.9 0.92 0.94 0.96 0.98
L =— E ln(W(fl, a) + N § ll’l(W(é:l, a’) + (Nsig - kag)lnc M, (GeV/c?)
i=1 BKG 3 53



|O Check | Sideband Method Detalils
50 independent samples (1x data) + 1 share mDIY integral MC (50x data) Some Detalils

Nsig: F=4E50/mDIY MC (1x data), (B> mDIY &8 match ] unmatch)

NBKG: Bl AsidebandfZEHIEL, Z-fsidebandSaik, PRLANBKGHIF—{L
Nbkg: FH match ] unmatched BYFZAFAEMDIY MC, 18ZINbkg, S0MEEARESFAA[EIRERY match 0 unmatch F2ARILE
NToy: 50/ mDIY MC mached G ER{ESIMCFR5SHY Toy MC

0.928 <M, <0.955: —+— Signal MC
— Total fit
. Left Sldeband Right Sideband matched = 772550 +912 —
NBKG - zNSlg ZNSlg NAGOOOO """" MdtShdpe
R3] unmatched = 28593 +229 e INMat Shape
= _
=
>0 53 40000 (—
N — N Match S
Toy sig 3
= o
=1 L 20000
8]
N sig N NpkG i
InW(E;, a) + E InW(;, @) + (Ngjy, — Nppg)InC™ . AR
Z (é:l ’ ) (fz ’ ) ( sig b kg) C %9 0.92 0.94 0.96 0.98

BKG

l'_

M, (GeV/c?)
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About 16 moment

Caﬁ = ﬁan’g
e A RRHBEFIETHRESZRZTHIDE
ng: NETHEF B TAESER PN B

252

223

224

227

Figure 12 shows the distribution of moment versus cos #, the cos# is divided by 10 bins. For
main value it is normalized by total number of events of the average value in i-th bin, which
means: _

Q.

J‘I’nf-:rn'

J!'r = (T”_f. Il;'
k=1
here Ny = 1934 is the number of events of data sample and N; is the number of events in

the i-th bin. For the corresponding uncertainty, it is estimated by the formula below:

T, N, \%' 1 %« . 14)
o= T yd ( o ; [L..r C H-'fl_ \ L)

|
Iswa T2
T4 :ll'l i \ :\' total l—1 '1'" toital =1
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Event Selection of prrtnr®

» Good Charged Tracks
* V. <10cm, |V,| <30cm
* |cos@| < 0.93
* nGood =2

» PID (Use dedx+TOF)

* Proton: p > 0.5 GeV/c && PID:
Prob(p) > Prob(K/m)

* Pion: p < 0.5 GeV/c && PID:
Prob(m) > Prob(K/p)

» Good Shower Selection
* |cosB| < 0.8, E > 25MeV
0.86 < |cosf| < 0.92,E > 50MeV
0<TDC <14
Nshower > 2

Angshower,ChgTrk = 10° (for p = 20°)

> A Reconstruction
*  Primary and Secondary vertex fit
* L/og >2.0
* Xéec <15
*  |Msp+ —1.1157| < 0.008 (GeV /c?)
MU € [1.069,1.152] GeV /c?
» 2C Kinematic fit
« On the hypothesis of Anyy

* Loop all y pairs, perform:
« 75 <M, <175 (MeV/cZ)

|

|

i * 6,0 >10°% A direction' is recoiled from A
'+ BDT Response > 0.15 |

A is from secondary vertex flt
» Neutron is treated as a missing particle

- Constrain M,,.0 = M{°¢ and M, = MF5°

. XI%mfit <50

56
. M, € [0.90,0.98]GeV /c?



Event Selection of prr~am®

» Charged Tracks

e V. <10cm, |V,] <30cm
* |cosf| < 0.93
nGood = 2

» PID (Use dedx+TOF)

* Proton: p > 0.5 GeV/c && PID:
Prob(p) > Prob(K/r)

* Pion: p < 0.5 GeV/c && PID:
Prob(rr) > Prob(K/p)

* nProton > 1; nPion > 1

» Shower Selection

* |cosf| <08, E > 25MeV

* 0.86 < |cosO]| <092 ,E >50MeV

« 0<TDC <14

* Nshower > 2
® HTTk,]/ > 10°

» A Reconstruction

Primary and Secondary vertex fit
L/o, > 2.0

Xéec <15

|Mp- — 1.1157| < 8 MeV/c?

Mpet € [1.069,1.152] GeV /c?

» 2C Kinematic fit

on the hypothesis of Anyy
Loop all y pairs, perform:

« 75 < M, <175 (MeVic?)

A is from secondary vertex fit

Anti-neutron is treated as a missing particle

: — agPDG — PDG
Constrain M0 = Mz"" and M,,,, = M_q

¢ XI%mfit <50

M € [0.9,0.98] GeV/c?

57



N BUIUQ

prtnm pm N
eff % eff %
(
Total 100% 100%
Good Charged 65.6% 64.3%
PID 63.6% 97.0% 62.6% 97.3%
Good Shower 56.2% 88.4% 60.3% 96.4%
Vertex Fit
2
(L/Lerr > 2 && Ysec < 15 44.7% 79.5% 47.8% 79.3%
A_/A 50 mass window
A/A 30 recoil mass)
Kinematic Fit
Br, > 10°/ 0%, > 15°
(Ony Asy/< 6‘% 26.4% 59.1% 20.5% 42.8%
BDT > 0.15)
Xmsie < 50 23.0% 87.2% 17.4% 84.8%
0.90 < M,,/M- < 0.98 20.2% 87.6% 15.8% 91.0%
y Truth Match 18.4% 91.4% 13.3% 84.3%




