Fit Line a = 1.000 %= 0.002,
b =-0.000 = 0.000

----- Fitted A = Simulated A

Fit Line a = 0.990 % 0.002,
b =0.000 = 0.000

Fit Line a = 0.993 %= 0.002,
b =-0.000 = 0.000

Fit Linea = 1.018 %= 0.002,
= -0.001 = 0.000

Fit Line a = 1.022 %= 0.004,
b =-0.002 = 0.000

Fit Line a = 0.952 %= 0.005,
b =0.010 = 0.000

Fit Line a = 1.253 = 0.020,
b =0.037 £ 0.001

Fit Line a = 0.999 % 0.001,
b =-0.000 = 0.000

+  wqr6t = 0.0157
-+  wqrd = 0.0865
wqrd = 0.1545
wqr3 = 0.2283
+  wqr2 = 0.319
+  wqrl = 0.4089
+  wqr0 = 0.479
Error Weighted Mean

1.00¢

0.90¢

0.80}

0.70}

O
)
=
bt

©
U
-
-

Fitted A [ps™']
—
N

0.30§-

0.20F

l'lll'lllllll'lll'lll'lllllllllllllllll

AL

s b b b b b sy | Lo b b g | | s b | s by
OONIHOOO -) - -] -] - - - - )
OO N ) < L © 2 0 O <
OO - -] -] ) - -] - O —

: — x10-1
Simulated A [ps™!]
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The Problem

» Generate toy MC for 19 different A values

- For each /A generate 100 pseudo experiments of random ¢, and #, pairs

= Problem: | used the same 100 random seeds over and over again
= Each experiment number Is correlated

Exp1 Exp2 Exp3 Exp100
Lam=0.0 1 2 3 100
Lam=0.001 1 2 3 100
Lam=0.1 1 2 3 100

= Solution: Use unique random seeds for each experiment for each A value

Exp1 Exp2 Exp3 Exp100
Lam=0.0 1 2 3 100
Lam=0.001 101 102 103 200
Lam=0.1 1901 1902 1903 2000

Lucas Stoetzer

UH Belle Il meeting 07/11/2025




Fix amount of events that fI!p sign

_xlO‘1
1.00} /T
0.90| /
X
0 802— v
80| Fit Line a = 0.99889 =+
) ) —— 0.00434, b = 0.00007 = +  wqr6 = 0.0157
0.70?_ 000013, b/0b=057687 qu5 = 0.0865
25 1 O 0 N N S~ i T R Fitted A = Simulated A wqrd = 0.1545
: Fit Line a = 0.99935 =+ wqr3 = 0.2283
é 0.00761, b = 0.00009 =+
0.60} : _
| 0.00028, b/o,=0.31302 + wqr2 =0.319
T Fit Line a = 1.00157 = - warl =0.4089
2 050k 0.01001, b = -0.00040 +  * wqr0 = 0.479
; : 0.00039, b/o,=-1.03330 Error Weighted Mean
3 : Fit Line a = 1.00015 +
i3 O.40§— 0.01241, b = 0.00060 =
5 0.00050, b/op,=1.20273
g Fit Line a = 1.01490 +
0.30} —— 0.01862, b =-0.00015 =
5 0.00073, b/op,=-0.20610
Fit Line a = 0.98443 =+
0.20¢ —— 0.03875, b =0.00207 %
0.00148, b/op,=1.39726

Fit Line a = 1.52168 =

0.10¢ —— 0.19827, b = 0.02051 +
8.823 0.00722, b/0,=2.84038
0.02F Fit Line a = 1.00058 +
0.00F 0.00282, b = 0.00006 = b/gb — 1.081

0.00012, b/0,=0.51662

Simulated A [ps™']
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)\gen [PS—I] 150 ¢ )\gen [ps—l]
= Bias/o=—1.18e—02+1.00e—02
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| -==- 50 Line ® wqr2=0.319
) 1.0F =« o wqrt =0.0157 L wqrl =0.4089
= n +  wqrbd = 0.0865 X wqr0 = 0.479
~ U wqrd = 0.1545 Error weighted
S : L average for all wqr
< 0.8F wqr3 = 0.2283 bi |
?é | ) ins
= 0.7F ®
S :
:'é 0.6:‘ [ X v
© j A
E 0.5
2 ol
0.4 o ¥ .
2 3 ¢ 0
g 0.3:_ R - | | | | o )(
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= 0.2:----Jr-------------------* ---------------------------------------------------- Ko o]
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Make simulation of wrong tagging realistic

- So far: For example in best wrong tag bin we have 16.2 % of the data
(72k *0.162 = 11664) with a wrong tag ration of 1.57 %

= Of these 11664 | flipped the sign (SF to OF or vice versa) of exactly

1.57 % events (11664 *0.0157 ~ 183), randomly

* The Problem: This is not correct as can be seen on coin tosses, each toss

has a prob of 50 % but after 50 tosses we do not necessarily get 25 Heads-25

Talls
» Solution: Treat each event like a coin toss! Each event in the best wrong tag

bin has a 1.57 % chance to flip its sign!

Lucas Stoetzer UH Belle Il meeting 07/11/2025



Fitted A [ps™!]

000000
ololelelel
ONHPROO

100-
090-
080-
070—
060-
050-
040-
030—

0.20F

Every Event has percentage chance to flip sign

x10~1

)(‘

Fit Line a = 0.99885 *
0.00458, b = 0.00006 =
0.00014, b/0,=0.44847

Fitted A = Simulated A

Fit Line a = 0.99156 =+
0.00871, b = 0.00072 =
0.00031, b/op,=2.27561

Fit Linea = 1.01521 +
0.01164, b = -0.00007 =
0.00046, b/o,=-0.14230

Fit Line a = 0.99878 *
0.01525, b = 0.00039 =
0.00059, b/0,=0.64814

Fit Linea = 1.01254 +
0.02201, b = 0.00063 =
0.00084, b/o,=0.74522

Fit Line a = 1.04916 =+
0.04495, b = 0.00235 +
0.00185, b/op,=1.26603

Fit Line a = 1.93142 +
0.98659, b =0.11746 +
0.02183, b/op,=5.38065

Fit Linea = 1.00177 +
0.00419, b = 0.00016 =
0.00018, b/0,=0.87218

Lucas Stoetzer

Simulated A [ps™!]

UH Belle Il meeting 07/11/2025

Fix wrong tag
fraction In fit

+  wqr6 = 0.0157

wqrd = 0.0865

wqrd = 0.1545

wqr3 = 0.2283
<+ wqr2 = 0.319
-+ wqrl = 0.4089
-+  wqr0 = 0.479

Error Weighted Mean
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100 pseudo experiments

o Wqr6=0.0157
—— Mean=0.0081+0.0246
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* No evidence for significant
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 Bias ist statistical
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order of < 1%



3 --- 50 Line ® wqr2 = 0.319 1
) 1.0 o wqrt =0.0157 L—wqgrl = 0.4089
&% | A +  wqrb = 0.0865 X wqr0 = 0.479
= 039 ¢ ‘ ' ' ) wqrd = 0.1545 Error weighted
S : L average for all wqr
60 0.8} v wqr3d = 0.2283 bins |
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Every Event has percentage chance to flip sign

Float wrong tag
fraction In fit

Fitting 100 pseudo experiments of /Igen = 0.008 ps—I:

wie = 0.0157 — w i = 0.0154 £ 0.0003 — 43" = (0.0085 + 0.0007) ps-!

wem = 0.0865 — wit. = (0.0861 + 0.0006 — Amean — (().()()74 + 0.0016) ps-1
qrd qrd fit

W = 0.1545 — wils = 0.1544 £ 0.0007 — 47" = (0.0083 % 0.0020) ps~"!

weT = 0.2283 — wls = 0.2275 + 0.0008 — A" = (0.0084 £ 0.0026) ps-!
qr3 qrd fit

Wi = 03190 — w5 = 0.3194 £ 0.0008 — A" = (0.0052 £ 0.0041) ps-!

wie = 0.4089 — w, s = 0.4096 % 0.0008 — Ag**" = (0.0082 + 0.0093) ps-!

gen it — 999+ 999 mean — (999 4+ 9299) ps-1I
wqu—().479O—>wqr5—...i...—nlﬁt = (777x7277) ps

Lucas Stoetzer UH Belle Il meeting 07/11/2025
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Fitted A [ps™!]
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Every Event has percentage chance to flip sign
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Fit Line a = 1.00460 =+
0.00631, b =-0.00011 =+
0.00020, b/0,=-0.56358

Fitted A = Simulated A

Fit Line a = 0.98243 =+
0.01214, b = 0.00112 =
0.00045, b/o,=2.50631

Fit Linea = 1.01679 +
0.01637, b =-0.00033 =+
0.00064, b/oy,=-0.50917

Fit Line a = 0.99369 *
0.02089, b = 0.00089 =
0.00083, b/o,=1.06600

Fit Line a = 0.99367 *
0.03087, b =-0.00026 =+
0.00119, b/o,=-0.22064

Fit Linea =1.11528 +
0.06682, b = 0.00319 =+
0.00267, b/op,=1.19651

Fit Line a = 1.00326 *
0.00525, b = 0.00006 =
0.00023, b/o,=0.27541

Simulated A [ps™!]
Lucas Stoetzer UH Belle Il meeting 07/11/2025
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Float wrong tag
fraction In fit

wqro = 0.0157
wqrd = 0.0865
wqrd = 0.1545
wqr3 = 0.2283
wqr2 = 0.319

wqrl = 0.4089

Error Weighted Mean

blo, = 1.0104

11



Fractional Uncertainty: RMS(Acor)/Agen

E ---- 50 Line wqr3 = 0.2283
1.0 e wqr6 =0.0157 e wqr2=0.319
| +  wqrb = 0.0865 L wqrl = 0.4089
0'9:— > wqrd = 0.1545 Error weighted
: average for all wqr
0.8 e 4 bins |
o7L A . . . . . | | Float wrong tag
o fraction in fit
0.5F
T e A
0.4F 4
e A
0.2F==m=s e e N S N R USRI RV
: T A 1 |
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Fitted A [ps™!]

x10-1
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0.90}

Every Event has percentage chance to flip sign

Float wrong tag
fraction In fit for

all except wqrO

Fit Line a = 1.00460 =%
0.00631, b =-0.00011 = +  wqr6 = 0.0157
0.00020, b/o,=-0.56358 wqr5 = 0.0865

Fitted A = Simulated A wqrd = 0.1545

Fit Line a = 0.98243 * wqr3 = 0.2283
0.01214, b = 0.00112 =+ 5 = 0319
0.00045, b/o,=2.50631 w(te =b.

Fit Line a = 1.01679 + wqrl = 0.4089
0.01637, b = -0.00033 =+ wqr0 = 0.479
0.00064. b/or,=-0.50917 Error Weighted Mean

Fit Line a = 0.99369 *
0.02089, b = 0.00089 =
0.00083, b/o,=1.06600

Fit Line a = 0.99367 %
0.03087, b =-0.00026 =+
0.00119, b/o,=-0.22064

Fit Linea =1.11528 +
0.06682, b = 0.00319 =+
0.00267, b/op,=1.19651

Fit Line a = 1.93142 +

0.98659, b = 0.11746 + b/ab — 1.6347

0.02183, b/0,=5.38065

Fit Line a = 1.00320 =+
0.00526, b = 0.00007 =
0.00023, b/0,=0.32105

0.80

0.70}

0.60F

+ e

0.50F

0.40}

0.30F

0.20}

000000

olelelele] o
ONHFRDO

Simulated A [ps™!]
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Summary

» Creating individual random numbers for the pseudo experiment generation
fixed the “bias” problem

« Bias is of the orderof < 1%

= Therefore, no evidence for significant bias
* Incorporated more realistic wrong tag simulation, where every event has a
percent chance to flip sign

. Observe good sensitivity for letting 4 and wrong tag fraction float (except quo)
= Reach 5o for 4 > 0.003 ps—!

Lucas Stoetzer UH Belle Il meeting 07/11/2025
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How to do convolution®?

1.
Our two resolution functions for x and y look the following:

2 2

o 1 (u—x—,ul) B _ 1 (V—y—ﬂz)

1 = 5 CAP| — 92 2 = CXP| — 52
o\ 27 i O\ 27 )

2.

with u = x + ox and v = y + 0y. — Convolution integral to solve:

’ ’ I 11

Lucas Stoetzer UH Belle Il meeting 07/11/2025 16



How to do convolution®?

Integral | . Is comparably easy to determine analytically with regards to
IS more complicated as shown below:

.= 27;1102 Jomdx[omdyexp<—<i | i)x)exp(—c | i>y>exp (%Ix—yl>cos (Am (x—y))exp[_(”—;;/u)z]exp[_ <v_;0;ﬂ2)2]

Due to the absolute value we have to consider two cases:

A A A
X€ [O,oo] & ye [O,x]

A A A
CaS€2—>x<y$ ‘x—y‘ =y—x=>eXp (E‘X—y‘) = exp (——x) exXp (_y>

Xe [O,oo] & ye [x, oo}

Lucas Stoetzer UH Belle Il meeting 07/11/2025 17



How to do convolution®?

gives us four integrals to solve for, which python takes over 24h for (analytically)
Need analytical form so | have a fit function in the end dependent on 1« and v (smeared
times)

Is there a way to solve the integral numerical without setting values for u, v and A
obtaining a functional form to fit???

Okay let’s take a step back and start with an easy convolution of a single exponential
with a gaussian function!

UH Belle Il meeting 07/11/2025 18



Simulated data
(t1 values)

Convolved PDF
Interpolated PDF

Easy NuU merlcal COnVOI Ut|0n Exponential Convolved with Gaussian

y

t =1.0
m= 0.0
s =1.0

X = np.random.exponential(scale=t, size=10000)

x_data, x_dataError = AddGaussianNoise(
X, 0.0, mu=m, sigma=s)
|
def true_pdf(x, t=1.0):
return np.exp(—x / t) / t #if

Probability Densit

def gaussian(x, mu=0.0, sigma=1.0):

return norm.pdf(x, loc=mu, scale=sigma) . -2.5 0.0 25 5.0 7.5
'.-' r—d-‘: ! . . ! . ' . X
def convolved_pdf(x, t=1.0, sigma=1.0):
integrand = lambda x_prime: true_pdf(x_prime, t) % gaussian(x - x_prime, sigma=sigma)

::ilj},:rgsjl:uad(integrand' 9, np.inf) # sii 0 ° Generate Smeared data
» Calculate the convolution of an

x_vals = np.linspace(np.min(x_data), np.max(x_data), 10000) _ _
exponential and gaussian
y_vals = np.array([convolved_pdf(x, t=1.0, sigma=1.0) for x in x_vals]) ]
» How to get from a numerical result
f_func = interpld(x_vals, y_vals, kind='cubic', bounds_error=False, fill_value=0.0)

je7 Tnterpolated_Funclxvals, func): back to a function with parameters
f _int ForPlot = func(x_vals) that Can be fltted?

return f_int_ ForPlot

Lucas Stoetzer UH Belle Il meeting 07/11/2025



100k events Gen

Wrong tagging bins (fraction of data)

» Small wrong tag ratios observe good fit precision
» Lager wrong tag ratios observe larger fit bias

 Larger wrong tag ratio, bias can switch from positive to negative bias —
quantization effect in choosing how many events go into each wrong tag bin?

100k events Gen

Wrong tagging bins (fraction of data)

A = 0.002 ps~! wqro (15.5%) Wer1 (15.8%) Wwere (16.5%) wers (13.4%) Wara (11.6%) wgrs (11.0%) were (16.2%)
- |_Normal || 0.0372 % 0.0217 0.0069 £ 0.0018 | 0.0016 =+ 0.0013 0.0022 £ 0.0007 | _0.0021 £ 0.0003
g
= | All25% || 0.0028 £ 0.0013 | 0.0023 % 0.0013 | 0.0052 =+ 0.0013 | 0.0024 £ 0.0015 | —0.0014 % 0.0017 | 0.0019 = 0.0015 | 0.0004 = 0.0014
S | A30% || 0.0018 +0.0016 | 0.0010 4+ 0.0016 | 0.0062 = 0.0017 | 0.0018 % 0.0020 | —0.0032 = 0.0023 | 0.0002 + 0.0020 | —0.0002 % 0.0019
20 | All32% || 0.0003+0.0018 | 0.0004 % 0.0018 | 0.0069 = 0.0018 | 0.0015 +0.0022 | —0.0044 + 0.0026 | 0.0023 £ 0.0023 | 0.0002 = 0.0021
S | AI33% | 0.0011+0.0019 | —0.0001 +0.0019 | 0.0075 # 0.0019 | 0.0018 =+ 0.0022 | —0.0055 + 0.0028 | 0.0017 = 0.0025 | 0.0000 = 0.0022
=

A =0.002 ps~! | wgo (~ 14.3%)
- Normal 0.0003 + 0.0204
= All 5% 0.0014 + 0.0005
o | All25% || 0.0020 + 0.0013
s All 30% || 0.0030 & 0.0016
o0 | Al 32% || 0.0030 &+ 0.0018
O All 33% || 0.0029 & 0.0019
= All 40% || 0.0029 + 0.0038

Lucas Stoetzer

Wqrl (N 143%)

0.0072 -
0.0014 -
0.0033 =
0.0026 =
0.0039 -
0.0041 -

-0.0043
= 0.0005
- 0.0013
- 0.0018
- 0.0020
= 0.0020

0.0058 =

= 0.0039

Wyr2 (N 143%) Wqr3 (N 143%)

Wers (~ 14.3%)

Were (~ 14.3%)

Wyrg (N 143%)

0.0014 -
0.0020 -
0.0024 -
0.0019 -
0.0016 -
0.0021 -

- 0.0019
- 0.0005
- 0.0012
- 0.0017
- 0.0019
- 0.0020

0.0032 =

= 0.0035

0.0011
0.0023
0.0012
0.0018
0.0010
0.0008
0.0019

0.0014
0.0005
0.0015
0.0020
0.0023
0.0024
0.0046

UH Belle Il meeting 07/11/2025

0.0024 -
0.0021 -
0.0043 -

0.0041 -
0.0050 =
0.0050 =

0.0119 =

0.0017 =
0.0019 =
0.0012 =
0.0013 -
0.0012 -
0.0010 =

- 0.0007
= 0.0005
-0.0014
-0.0019
- 0.0020
- 0.0021

0.0013 =

= 0.0039

0.0019 =
0.0023 -
0.0038 -
0.0044 -
0.0049 -
0.0052 =

- 0.0003
- 0.0005
- 0.0014
- 0.0017
-0.0019
- 0.0020

0.0075 =

- 0.0037

20



1M events Gen

Wrong tagging bins (fraction of data)

A=0.002 ps~! | wgo (15.5%) w1 (15.8%) Wera (16.5%) w3 (13.4%) Wers (11.6%) Wers (11.0%) Wwyre (16.2%)

~ | Normal || 0.0073 £0.0063 | 0.0021 £ 0.0014 | 0.0015 % 0.0006 | 0.0021 = 0.0004 | 0.0016 £ 0.0003 | 0.002 £ 0.0002 | 0.0019 % 0.0001
= All 5% || 0.0021 + 0.0002 | 0.0021 £ 0.0001 | 0.0021 + 0.0002 | 0.0019 £ 0.0002 | 0.0016 = 0.0002 | 0.0018 £+ 0.0002 | 0.0018 + 0.0002
o | Al25% || 0.0025 £ 0.0004 | 0.0018 £ 0.0004 | 0.0017 & 0.0004 | 0.0019 % 0.0005 | 0.0014 £ 0.0005 | 0.0015 % 0.0005 | 0.0017 + 0.0004
E | Al 30% || 0.0023 4+ 0.0006 | 0.0022 4+ 0.0006 | 0.0014 4 0.0005 | 0.0021 £ 0.0006 | 0.0015 + 0.0007 | 0.0013 = 0.0007 | 0.0020 + 0.0006
20 | All 32% || 0.0022 + 0.0006 | 0.0019 & 0.0006 | 0.0014 + 0.0006 | 0.0023 = 0.0007 | 0.0014 £ 0.0008 | 0.0011 &+ 0.0008 | 0.0023 + 0.0006
S | All 33% || 0.0022 + 0.0007 | 0.0019 & 0.0007 | 0.0012 % 0.0006 | 0.0023 = 0.0007 | 0.0016 £ 0.0008 | 0.0013 £ 0.0008 | 0.0023 =+ 0.0007
= All 40% || 0.0030 4 0.0012 | 0.0021 + 0.0013 | 0.0014 4+ 0.0010 | 0.0032 + 0.0013 | 0.0031 £+ 0.0015 | 0.0016 £ 0.0013 | 0.0032 + 0.0012

1M events Gen

Wrong tagging bins (fraction of data)

A=0.002 ps~! | wyro (~14.3%) | wyr1 (~ 14.3%) | were (~ 14.3%) | wyrs (~ 14.3%) | wyra (~ 14.3%) | wyrs (~ 14.3%) | wyre (~ 14.3%)
- Normal 0.0022 4+ 0.0064 | 0.0035 £+ 0.0014 | 0.0023 £+ 0.0007 | 0.0021 £ 0.0004 | 0.0019 £ 0.0003 | 0.0020 £+ 0.0002 | 0.0019 £ 0.0001
'*g All 5% 0.0020 £+ 0.0002 | 0.0022 £+ 0.0002 | 0.0022 £+ 0.0002 | 0.0021 £+ 0.0002 | 0.0018 = 0.0002 | 0.0020 = 0.0002 | 0.0019 £+ 0.0002
:0 All 25% 0.0019 4+ 0.0005 | 0.0020 = 0.0004 | 0.0025 + 0.0005 | 0.0020 £ 0.0005 | 0.0017 £ 0.0005 | 0.0016 £+ 0.0004 | 0.0020 £ 0.0005
E All 30% 0.0017 £ 0.0007 | 0.0024 £+ 0.0005 | 0.0023 £+ 0.0006 | 0.0022 £+ 0.0006 | 0.0021 £+ 0.0006 | 0.0013 = 0.0005 | 0.0022 £+ 0.0006
20 All 32% 0.0020 4+ 0.0007 | 0.0026 = 0.0006 | 0.0023 £+ 0.0007 | 0.0018 £ 0.0006 | 0.0026 £+ 0.0007 | 0.0015 £+ 0.0006 | 0.0023 £+ 0.0007
- All 33% 0.0021 4+ 0.0008 | 0.0027 = 0.0007 | 0.0024 £+ 0.0007 | 0.0016 £ 0.0007 | 0.0027 £+ 0.0008 | 0.0016 £+ 0.0007 | 0.0022 £ 0.0008
= All 40% 0.0018 £+ 0.0013 | 0.0033 £ 0.0012 | 0.0023 £+ 0.0012 | 0.0013 £ 0.0012 | 0.0035 = 0.0013 | 0.0009 = 0.0011 | 0.0025 = 0.0013

» With more data we observe fit values in same fraction of data agree with each
other within its errors
» Bias seems to have statistic nature!

Lucas Stoetzer

UH Belle Il meeting 07/11/2025



