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Input Data

icol=0 1 2 3 ' 8 14 15 16 17
1 [}
M qT xF jxsec (boot) _err(stat) error_syst(purity) error_syst(accl)  error_syst(acc2)  error syst(lumi) err_syst(acc) jxsec (boot)  err(stat) error_syst(purity) error_syst(accl)  error syst(accl)  error_syst(lumi) err_sy
irow=0 i4,3 -47 0-07 0.2:-01 | 0.0968 00327 0.0000 0.0032 0.0106 0.0032 0.0110 |
1143-47 0-07 01:00! 0.0668  0.0095 0.0013 0.0008 0.0032 0.0022 0.00331!
2143-47 0-07 00:01 ! 0.0879  0.0073 0.0015 0.0006 0.0027 0.0029 0.0027!
3 :4.3 -47 0-07 01:02 : 0.0864  0.0061 0.0015 0.0005 0.0047 0.0029 0.0047 : 0.0794 0.0214 0.0005 0.0017 0.0040 0.0026
4i43-47 0-07 02:03 ; 0.0812 0.0056 0.0015 0.0005 0.0028 0.0027 0.0028 ; 0.0881 0.0108 0.0027 0.0009 0.0029 0.0029
5143-47 0-07 03:04 | 0.0641 0.0053 0.0009 0.0004 0.0019 0.0021 0.0020 § 0.0772 0.0064 0.0023 0.0006 0.0023 0.0026
6 i4,3 -47 0-07 04:05 | 0.0611  0.0062 0.0005 0.0005 0.0020 0.0020 0.0021 | 0.0631 0.0047 0.0009 0.0004 0.0021 0.0021
7143-47 0-07 05:06 ! 0.0568  0.0073 0.0003 0.0007 0.0023 0.0019 0.00241! 0.0631 0.0045 0.0003 0.0004 0.0026 0.0021
8143-47 0-07 06:07 ! 0.0391  0.0079 0.0000 0.0007 0.0022 0.0013 0.0023 ! 0.0445 0.0038 0.0004 0.0004 0.0026 0.0015
9143.47 0-07 0.7:08 : 0.0324  0.0099 0.0003 0.0010 0.0015 0.0011 0.0018 : 0.0283 0.0031 0.0000 0.0003 0.0016 0.0009
10;43-47 0-07 0.8:09 i 0.0149 0.0023 0.0000 0.0002 0.0009 0.0005
11i43-47 0-07 09:10 i
file_path =
df = pd.read_excel(file_path)
col indices
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Educated Guess (To be Discussed) :

N 0 \/12 NT

purCorr_crossDia LL
purCorr_crossOff LL
purCorr_crossDia LO
purCorr_crossOoff LO
purCorr_crossDia LL_LO
purCorr _crossOff LL LO

diag val = purCorr_crossDia_LL
off _diag val = purCorr_crossOff LL
LL corrP = generate custom matrix{M, diag wval, off diag wval)
LO corrP = generate custom matrix{M, diag wval, off diag wval)

diag val = purCorr_crossDia_LL_LO
off_diag val = purCorr_crossOff_LL_LO
cross_corrP = generate_custom_matrix(N, diag val, off_diag_wal)

generate custom matrix(M, diagonal value, off diagonal wvalue):
matrix = np.full{(N, N), off diaponal value)

np.fill diagonal({matrix, diagonal wvalue)

return matrix
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Educated Guess (To be Discussed) :
ovariance Matrix of Acceptance

accCorr_scale LL
accCorr_scale LO
accCorr_crossDia LL LO
accCorr_crossOf+ _LL_LO

LL corrA = gaussian_corr(N, scale=accCorr_scale LL)
LO corrA = gaussian_corr(N, scale=accCorr_scale LO)

gaussian_corr(N, scale):

diag val = accCorr_crossDia LL_LO idx = np.arange(N)
off diag val = accCorr_crossOff LL LO
cross_corrA = generate_custom_matrix(N, diag_wval, off_diag wval)

diff matrix = idx[:, None] - idx[None, :]

normalized squared = (diff matrix / scale) ** 2

corr_matrix = np.exp(-8.5 * normalized_squared)

return corr_matrix
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Build up Full Covariance Matrix
On Qverlapped Reaion

filtered LL_sys [filtered_LL_ both_sysA, filtered_LL_both_sysP]
filtered LO_sys [filtered_LO both_sysA, filtered_LO_both_sysP]

LL_corr = [LL_corrA, LL_corrP]
LO_corr = [LO_corrA, LO _corrP]
cross_corr = [cross_corrA, cross_corrP]

full_cov, covl, cov2, cross = build_cov(filtered_ LL_sys, filtered_LO sys, LL_corr, LO_corr, cross_corr, filtered_LL_both_stat, filtered LO_both_stat)
np.set_printoptions(precision=6, suppress=True)

build_cow(LL_sys, LO_sys, LL_corr, LO_corr, cross_corr, LL_stat, LO stat):

Build the full covariance matrix for two

t of 1D array : of shape (N,), representing uncertainties from each shared sy matic source for measurement 1
of 1D arr = . but for measuremen
corr: list of 2D arrays (N x N) i -bin correlation mat es for measurement 1
rr: list of 2D array 1) i in correlation m for measurement 2.
cross_corr: t X N) i i ) en measurement 1 and 2.
LL_stat: 1D arr
LO stat: 1D array statistical uncertainties for measurement 2 (length N)

x 2N covariance matrix
wvariance matrix for me
wvariance matrix for
¢ N cross-covariance matrix
(N x N): Transpose of cross
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Merge LL and LO

m_comb, cov_comb = merge measurements(filtered_LL both_xsc, filtered LO both_xsc, full_cov)

combined both x

combined both_

combined_both_ratio
ombined both stat

combined both_sysAPL =

yyyy/mm/dd

m_comb
np.sqrt(np.diag(cov_comb))

combined_both_sysAP / combined_both_ xsc

np.sqrt(filtered LL both_sta

+ filtered LO both stat®**2)

np.sqrt(combined_both_sysAP**2 + filtered LL both_sysL**2 + filtered LO both_sys

fL=-]H

0.0

.04

.07

0.0

Q.05

.04

0.0

.11

massL=4.3 massH=4.7 piL=0.0 ptH=0.7

LN
A

Lo apad o+ 0000
LL arpa P i sidungns
L i, e £}
LD il Jrtediiag
ol dryalP jal0 )

0.6 0.8
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Merge LL and LO

(Bins with LL or LO Only)

N 11 only = len{ll only indices)

filtered LL 11 only xsc = LL xsc [11 only indi
filtered LL 11 only stat = LL stat[ll only indi
filtered LL 11 only sysA = LL sysA[ll only indi
filtered LL 11 only sysP = LL sysP[1l only indi

di

I"l I"l I"l I"l I"l
m M M M M

L ¥y ¥y} L i
bl bl bl ) —

filtered LL 11 only sysL LL sysL[1]l only in

combined 11 only xsc filtered LL_11 only xsc

combined 11 only sysAP filtered LL 11 only xsc * combined both ratio[@]

combined 11 only stat filtered LL_11 only stat

combined 11 only sysAPL np.sqri{combined 11 only sysAP**2 + Tiltered LL 11 only sysL**2)

massL=4.3 massH=4.7 piL=0.0 ptH=0.7

Lo apad o+ 0000
LL arpa P i sidungns
L i, e £}
LD il Jrtediiag
ol P jal.0 (08

" t Sl &
o o o

.04 .:&

0.2 Q 0.z 0.4 0.6 .
=
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Statistic Error

massL=4.3 massH=4.7 ptL=0.0 ptH=0.7 massL=4.3 massH=4.7 ptL=0.7 ptH=11 massl=4.3 massH=4.7 ptiL=1.1 ptH=1.6 massL=4.3 massH=4.7 ptL=1.6 ptH=3.6
004 o E " o
E —— L L] = —@— L) i e —— L) § ol ——LLis)
a2 - —— L0 (feons) = { —- L0 (xdet015) = —M- L0 (xde0.015) E — Lo (e 015)
C —&— Combined (xfe0.030) 0.8 —&— Combired (xf+0.030) E %{ i —&— Combined (x+0.030) - E { —&— Combined (w0030}
E e H i % wE sE H # %
aoal {{ % oz ﬂ 08— ootsf-
= +¥ ﬁ aif E E i
oo é ﬂ ﬁ .08 ; ﬁ § 0ns— oo 5
anaf— # sosE- g anp { % - H
- E L 0.005 —
E H a0 L E E ﬂ
oo E. I I 1 | 1 a.02f | I 1 1 0B2 [ I I 1 1 1 E. I I 1 1
0.F [ [ a4 [3 [X3 i ] (X3 (X3 [ [ 0F [ [ [ [13 (13 ¥ [ (3 0F [ [13
= F = F = F = F
massL=4.7 massH=5.4 ptL=0.0 ptH=07 massL=4.7 massH=5.4 ptL=0.7 ptH=1.1 massL=4.7 massH=5.4 piL=1.1 ptH=1 6 massL=4.7 massH=5.4 ptL=1.6 ptH=3.6
g 007 = Fl C FER = g ontef=
iE —& L) LI —&- L) i "E - L) § e —i— L)
- E %{ —— LO (ce0.015) r —- LO (0015} 008 —M— LO (015} oot —— LO (0015}
E —&— Combined (x+0.030) C —&— Combined (xf+.030) a.08 E- —&— Comiined (e 0.030) E { { —&— Combined (xfs0.030)
E a.08— E =
s %{ { i % - {} ﬂ a7 %{ ooref %{
F L E anf-
ana 0.08{— OE {{ ﬂ E %
E ﬂ C ﬂ {é 005 00 *{
om - ﬂ g Q04— ﬂ a.0s i— ﬂ o msf_ é ﬂ
= H C H oo E_ 5 é& a.o0ef~ é
c oz f— ooz |- £
E C E a.oazf—
R o R T B PR NI RN RS | L O Ly él [ I ISR SRR S SR R él
0.2 a 0.2 0.4 [ 0.6 0.2 a 0.2 0.4 0.6 0.8 0.2 a 0.2 a4 [X:] [X] 0.2 [ 0.2 0.4 0.6 0.6
F *F xF *F
massL=5.4 massH=8.5 ptL=0.0 ptH=0.7 massL=5.4 massH=8.5 ptL=0.7 ptH=1.1 massL=5.4 massH=8.5 piL=1.1 ptH=1 6 massL=5.4 massH=8.5 ptL=1.6 ptH=3.6
§ oo E ——LLid) i m“z_ —- L) i aote 5_ —— L) i —— L)
E — LO (cleD.015) onazE- —- LO (e 0.015) E — LO (<0015 — LD (e 0.015)
aotE— { L[| —— Combinea (xfs0.050) a.0e - —&— Combined (xf+0.030) o018 E +; * —&— Combined (xf+0.030) —— Combined (xf+0.030)
E L .08 E_ a4
o %{ ﬂ ooteE g a.maf_ ﬁ i
oo a.ma;— ﬂ amfE ﬁ {
E ﬂ ﬁ 001z 0.0 i g
.00 anE a.008 E— ﬁ i
0.004 :_ ﬁ 0 msg— E § 0004 E— %
F ooeE oz L] =
CI.DHE_—I PR N T N T NS T AN S T S T SO S S | ooadfE o gl T S S A T S T ST SN S Y T N SO AN T N N | | I S I T S |
0.E [ [ a4 [3 [X3 i ] (X3 (X3 [ [ 0z [ [ [ [13 [13 0F [ [13
= F xF xF xF
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Systematic Error (Acc + Purity, w/o Luminosity Sys.)

massl=4.3 massH=4.7 piL=0.0 pTH:El.?I massL=4.3 massH=4.7 piL=0.7 pTH:'I A massL=4.3 massH=4.7 piL=1.1 ptH:'I R massL=4.3 massH=4.7 piL=1.6 pTH:S.E
ToamAweaT g F TCamah AC o) g E Il L apeA (LI TCamA eET
%L = osel- k % o b R 'lﬂ% % :
Ciortbiial sy 2140119 F (Ciorebaunt kP 140119 E —E— L0 5P el
LRLISS % R } tl W Combinerd 5psaB (31,003 m}
m“ﬁ'% ke u wnf -]r+ i -% ﬁ%qﬂ} 9 .
E v aon -
& o2 F'S ﬁ E & *
i . E a7 - H L 1]
0 é % aif- E &
v g L o 4
oonf- u’ o E ¢ L]
q e 008 - o i '&
1] .08 | 1] E
K- i oL o 2w -y
P T E B T i RN EE N EE N | ] S T B EE B & Ll P R E Y B .‘ﬁ
a a2 0.4 0.6 [T 0.2 a 0.2 0.4 [ 0.8 0.2 a [X] 0.4 0.6 [ a 0.2 a4 0.8 0.8
aF xF iF *F
massl=4.7 massH=54 ptL=0.0 ptH=0.7 massL=4.7 massH=5.4 ptL=1.1 ptH=1.6 massL=4.7 massH=54 piL=1.6 ptH=3.6
F F g g Fl E g C ok @G aT,
i ao&: 1 u ‘: i nmf— ! ana - L 0014~ & p? oy
LY S B <% H o PR
E = e ooz *
o o o8 *ﬁ % E %’% *J} %
F i] E E = _
F H } i:i 0.08 f— 0.05 f— .:% ﬂ F & ry
a0af— 3 E E a.oae [~
r .ﬂ 005 004 - .i E I]i .]&
E E E 0.006—
[ H .g W ansf s .]% . E
C E E 0.004 [—
o 3 F] omE 1= é E -
E "] a0z z— oot . ooz - o
S R I R A Bl b 1 e Bl 0 b Bl b e e
0T [ [ X 0E [ ¥ 0 [ X TE (13 0T [ [ LK) T [ ¥ [ [ xS 3 [
aF aF iF *F
massL=5.4 massH=8.5 ptL=0.0 ptH=0.7 massL=5.4 massH=8.5 ptL=1.1 ptH=1.6 massL=5.4 massH=8.5 piL=1.6 ptH=3.6
L % § o j o ] ; %;;J::r;::;;g
aore|- *] i u s E_ ante = t+ H . .ﬁ X i
n * w.0ie f— oo H ﬂ
00— _ﬁ wotE- antzf-
008 — H t% ﬁ .-% a.maf— 00‘% &
F amef 0.008 [ -
a.006 [~ ﬂ E E 0]
C oo 0.006 - .E 1]
C ao0af— q = 3
0.004 — ﬂ iy 0.004 = %
C .06~ [ amzE L 1]
_OI2 P OI PRI 0\2 PR ul“ PRt OIB P O‘E OI_2 PR OI Pt OI2 PR O_I‘ PRI s P OIE ’OI2 P OI PRI O_I2 L OI“ PRt O_IB P O_IE I OIB P e
»F x_F xF xF
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massL=4.3 massH=4.7 ptL=0.0 ptH=0.7

g 04
E —— Stat
a2 :— —- SysAP (002
C —S— StateSyaAP (xf+0.04)
aQif—
oo~ E% ﬁ %
o 1L L2
and[— ﬁ
ane ﬁ
E -
CL 1 1 1 1 1
0E [ (23 (X3 [ [
= F

xsan

massL=4.7 massH=5.4 ptL=0.0 ptH=0.7

—@— Stat
—Ml- SysAP (0.0
— StateSysAP (ded.04)

-
| e L L e
[ [ [ [ [X3
aF
massL=5.4 massH=8.5 ptL=0.0 ptH=0.7
a.msf— —- Sl
E —M- SysAP (d.0.02)
oon :_ —Z Stat+SysAP (x+0.04)
ooz
a.mf_ ﬁ%
a.mef— H% ﬁ% ﬁ%
0.005 %

a.m&f— P?
a'mzz_l...|...|...|...|...|-3_
0.2 0.4 X L6

aF

yyyy/mm/dd
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.08

0.08
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@ 0.0

0.02

0.015

massL=4.3 massH=4.7
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b
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ol

=
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=

massL=4.7 massH=5.4

e

=F

piL=0.7 ptH=1.1

LR T

—@— St
—- SyeAP (.02

— 5 StateSysAP (xf+0.04)

ﬁ@%
®

Ly,
0.6

massL=5.4 massH=8.5

= F

piL=0.7 ptH=1.1

Sy

—— St
—M Sy=AP (de0.02)

—Z— SiateSysAP (xl+0.04)

By

xsan

title

o

=
]

=
®

o
2

.02z
0.0
0.ome
0016
0.0
0mz
oo
0.008
0,005
0.00d

0.002

massL=4.3 massH=4.7 ptL=1.1 ptH=1.6

iy

—i— Stat
—- SyeAP (de002)
—5— StateSysAP (x+0.04)

¥

H’H)H

0.2 ] [ 0F
massL=4.7 massH=5.4 ptL=1.1 ptH=1.6
g_ —@— Stat
E —M- sysAP (o)
E ﬁ% % —Z— StatSysAP (x+0.04)
o e e A |
0.2 [ 0F 06 [13
*F
massL=5.4 massH=8.5 ptL=1.1 ptH=1.6
E_ —— St
E — SysAP (dennzy
E_ ﬁ% —& StateSysAP (x40.04)
3 -
STSPEFEVEN PRI SRV EVSNS SFS
*F

Final Results (w/ Luminosity Sys.)

massL=4.3 massH=4.7 ptL=1.6 ptH=3.6

0.015

Sl
=
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—— St
— SyeAP (de002)
— 5 StateSysAP (d40.04)
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0014

—Ml- SysAP (den.02)
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anoef- ﬁ%
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0.0z f— E
—0!2... Loy 1y IO.LII .O.IB. ..uls-;b_
=F
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E E —— St
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0.004
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To Do

» Anything need to be improved in terms of
method?

 Test correlated values for purity

purCorr_crossDia LL = 1.8

purCorr_crossOff LL = 6.9 (O, 05, 10)

purCorr_crossDia LO = 1.8

purCorr_crossOff_LO - 0.8 (O, 0.5, 10)

purCorr_crossDia LL LO = 8.8
purCorr_crossCff LL LO = 0.8

. Test correlated values for acceptance

accCorr _scale LL
accCorr_scale LO

= 8

a.
accCorr _crossDia LL LO = 8.5
accCorr_crossOff LL L0 = 8.5
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Test Correlated of Purity Sys.

purCorr_crossDia LL

purCorr_crossOft LL (O, 05, 10)

purCorr_crossDia_LO

purCorr_crossOftt LO

purCorr_crossDia LL _LO 0.8 (O, 05, 10)

purCorr_crossOff LL LO
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Stat Err : 0.0

massL=4.3 massH=4.7 ptL=0.0 ptH=0.7 massL=4.3 massH=4.7 ptL=0.7 ptH=11 massl=4.3 massH=4.7 ptiL=1.1 ptH=1.6 massL=4.3 massH=4.7 ptL=1.6 ptH=3.6
004 o E " o
E —— L L] = —@— L) i e —— L) § ol ——LLis)
a2 - —— L0 (feons) = { —- L0 (xdet015) = —M- L0 (xde0.015) E — Lo (e 015)
C —&— Combined (xfe0.030) 0.8 —&— Combired (xf+0.030) E %{ i —&— Combined (x+0.030) - E { —&— Combined (w0030}
E e H i % wE sE H # %
aoal {{ % oz ﬂ 08— ootsf-
= +¥ ﬁ aif E E i
oo é ﬂ ﬁ .08 ; ﬁ § 0ns— oo 5
anaf— # sosE- g anp { % - H
- E L 0.005 —
E H a0 L E E ﬂ
oo E. I I 1 | 1 a.02f | I 1 1 0B2 [ I I 1 1 1 E. I I 1 1
0.F [ [ a4 [3 [X3 i ] (X3 (X3 [ [ 0F [ [ [ [13 (13 ¥ [ (3 0F [ [13
= F = F = F = F
massL=4.7 massH=5.4 ptL=0.0 ptH=07 massL=4.7 massH=5.4 ptL=0.7 ptH=1.1 massL=4.7 massH=5.4 piL=1.1 ptH=1 6 massL=4.7 massH=5.4 ptL=1.6 ptH=3.6
g 007 = Fl C FER = g ontef=
iE —& L) LI —&- L) i "E - L) § e —i— L)
- E %{ —— LO (ce0.015) r —- LO (0015} 008 —M— LO (015} oot —— LO (0015}
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Stat Err : 0.5
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Difference between 0.5 and 1.0

Difference is too small to be observed.
Correlation of purity systematics doesn'’t play a big role.
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Test Correlated of Acc. Sys.
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