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Entanglement and decoherence in HEP Collider experiments

Tests of quantum entanglement Tests of quantum decoherence
Date of paper Date of paper
199 papers focusing on 98 papers focusing on
experimental test at HEP experimental test at HEP
2007 2025 1999 2025

* Emerging new field in HEP collider experiments in the recent years (ATLAS, CMS, Belle, Belle Il, KLOE-2 etc.)

« ATLAS/CMS = Entanglement of top pair (tf) spins (ATLAS 2024: https://arxiv.org/pdf/2311.07288 , CMS
2024 https://arxiv.org/pdf/2406.039/6)

 KLOE-2 = Decoherence in entangled neutral Kaon systems (2022, https://arxiv.org/pdf/2111.04328,
Conference Talk)
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https://arxiv.org/pdf/2311.07288
https://arxiv.org/pdf/2406.03976
https://arxiv.org/pdf/2111.04328
https://conference.ippp.dur.ac.uk/event/1300/contributions/7788/attachments/6208/8375/didomenico_Oxford_2024_9_web.pdf

Entanglement and Decoherence at Ar = 0

Entanglement — Only opposite Decoherence — Both opposite
flavor events and same flavor events

- OhY(ZLS)qBO
G Y (4.5) mnly BV b _
b (45) b BOhY(ZLS)qBO

— 0 Y (4S)qBO
B Y (45 ey g0 B
BOhY (4S)qBO

. When the BB decay at the same time (At=0), one Is tagged to be the B, which makes the

other instantaneously the B
* Decoherence would allow same flavor — Interesting to test!
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Creation of the Y (49) state

Y > — — e
eam pipe

S in the by colliding ¢~ and e™
. In the beam pipe we achieve pressures of 10~/ Pa
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Production of flavor entangled BB pair

R —

> = B?QZEB? B <
7

) =180 (5) B (<5)) - 1B 5) B° ()]

. Y (45) decays instantly in two neutral B5 mesons

.+ Y (4S) — BB via strong interaction

= Y (45)isa C = — 1 charge conjugate eigenstate = conserved in strong
Interaction

= BYB will be flavor entangled
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B meson decay and flavor tagging

At

 First 5 meson decays and the entanglement is broken

= The first 5 decays into one flavor specific eigenstate at time 7,

- The second meson will instantaneously collapse into the opposite flavor
state

- But now (after first B decayed), undergoes flavor oscillation until it decays
« Reconstruct Bsig decay exclusively: Get flavor from charge of final state particles

(self tagging)
. Reconstruct other B (5

not perfect will observe wrong tagging

tag) inclusively via flavor tagger neural network algorithm —
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Self tagging decay modes and expected #Events in 385 fb™!

Decay modes Branching ratio | Expected # of Events

BY 5 JJWKtr 1.15-1073 -
T/ — 0T~ 0.12

BY — J/¢ K (1270) 1.30- 1073 ~ 88k BY:
J/p — 0+ 0.12

K° (1270) — K* (892) 7° 0.21 J >
K*(892) - K+m— 0.999 No reconstruction ~

K" (1270) — K* (1430) 7" 0.28 efficiencies known
K*(1430) - K*+7— 0.930

B - D—nt 2.51-1077
D~ = Ktn—n— 9.38 - 102 b -

B - D* x* B 2 74.103 ~ T2k
D*~ — Dr; _ 0.677 B
D — K+m- 3.95 - 102 |
DO - K+n—70 0.144 Reconstruction
DO s K+m—mtm— 99 .10-2 efficiencies known <

SH

» Self tagging means we can identify the flavor of the B via the final state charges
. Run 1 data set ~ 385 fb™!, expect ~ 164755 entangled BB events
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BB quantum entanglement at Belle Il

|. Adachi et al, https://arxiv.org/pdf/2402.17260
» So far flavor entanglement assumed “perfect” in Beolle T
D : | [cdt=362 fb~?
BB mixing analysis 0875 <1 < 10
* |f there is decoherence, would observe |
decrease in amplitude of flavor oscillation

(especially at At = 0)
= Belle Il will be especially well suited:
- More data than Belle

- Smaller interaction point (IP) region =

¢ BO°BO (OF)

2000 t B°B%4+B9BY (SF)

Candidates / (0.5 ps)

N(OF) — N(SF)
N(OF) + N(SF)

access to absolute decay times of the B
mesons
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https://arxiv.org/pdf/2402.17260

Spontaneous and environmental decoherence

o SpOntaneOUS decoherence/ T A. Go et al, https://arxiv.org/pdf/quant-ph/0702267
_ * https://arxiv.org/pdf/hep-ph/0101160
disentanglement = B states evolve

. . . Y (45)
— +
independently from their production on Spontaneous e e
_ decoherence ﬁ h
= Searched for in Bellet but no 7 GeV 4 GeV
significant evidence _

_ - —e s Y
Environmental decoherence = BB Y(45)
system interacts with environment, OB

leading to disentanglement

= ¢.g. Linblad Decoherence”

= No search performed yet, in quantum tO
entangled BB system!
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https://arxiv.org/pdf/quant-ph/0702267
https://arxiv.org/pdf/hep-ph/0101160

Environmental decoherence effects

_

B? B?
7

. with the BB system and breaks the entanglement before first B decays
» Can get “Same Flavor” (SF) events when decaying simultaneously (Af = 0)

Environmental Effect Timescale for... (in picoseconds)

Dust Grain size a = 107° e¢m | Molecule size a = 10™° em | Particle size a = 107" cm
Cosmic background radiation 10*4 10°° 1074
Photons at room temperature 10~° 101® 1074
Best laboratory vacuum 102 101 1038
Air at normal pressure 10— 19 10~7 104
Other e~ /e™ in the colliding bunch 77 77 777
Dark matter 777 777 777
Quantum Gravity 7?77 7?7 777
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Lindblad type decoherence

Normalized opposite flavor plots

1.0 A

» A characterizes how strong the decoherence is

In the system
 Former UH undergrad, Hershel Weiner, started 0.8 -

developing a binned fitter that | inherited PO s

= Ops~!

O
o

Probability

A = 5ps~!

N =

O
I

eXp (—F (7, + tz) AT A
[cosh (

4 ) ) — {q|CXP (—ﬂtmin) COS (AmAt)]

» No absolute decay time = Lindblad decoherence .

difficult to distinguish from wrong tagging in At
projection only (o]
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Lindblad decoherence: b5 flavor vs 1, 1,

Increasing decoherence A

A=0.0ps~tand w=0.0 A=0.1ps"tandw=0.0 - A=1.0ps tandw=0.0

5' 1.0 5 1.0
4 C
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» Increasing decoherence parameter A, increases same-sign B meson pairs at At = ()
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Lindblad decoherence: b flavor vs ¢, ¢, with wrong tagging

A=0.0ps~landw=0.2

tl [ps]

1.0

< © ©
B (@)] o
Same Flavor Probability

©
b

Increasing decoherence A

t2 [ps]

A=0.1ps ltandw=0.2

tl [ps]

1 L l I |
=
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1.0

=
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o
i~
Same Flavor Probability

©
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t2 [ps]

A=1.0ps~landw=0.2

« Observe wrong tagging is a constant effectin 7, ~ 7, plane

= {, and 1, reveal a decoherence pattern, distinct from wrong tagging

1.0

) -
o od
Same Flavor Probability

<
S

O
b
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Boost mainly in z
direction, but also non

negligible in x direction!

“t
IP enlarged e
T e swerkeia Y (45)
(o 150 pm 10 um
o 940 nm 50 nm
o,, eff 7 mm 0.25 mm

« Boost, not only in z, but also in x direction enables B mesons to leave the interaction
point (IP) region
* Therefore, we can use the Btube fitting method determine the individual decay times!
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Generating toy MC in semi-realistic conditions

» We want to generate multiple toy MC data sets to test low and high A values
(low: 4 < 0.01 ps—1; high: 4 > 0.01 ps—1)

» For each /A value generate 100 toy experiments
= [-ach toy experiment consists of 72k events

(72k/ toy exp. ~ L. = 385 b1/ toy exp. )

= Use random exponential to create 7; and 1, pairs

* To make the toy MC study semi-realistic introduce two major effects
(1) Wrong tagging
(2) Resolution effects
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Linearity Test Unbinned Fitter without wrong tagging

Fit Line a = 0999 +
7
008} * On truth level toy MC the
unbinned fitter performs well
;Em + However, we need to
5 Incorporate wrong tagging and
3 . resolution effects to obtain the
No fime total picture

0.02] resolution and

gggg NO wrong

oot} tagging, yet!

AANET TR
N < O 0 —
' ) o S =) =) =
O S S S =)
)

Simulated A [ps7']
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Linearity Test Unbinned Fitter with wrong tagging

x10-1

| 4 | ] FitLinea=1.000 = 0.002,
1.00} | ! | b = -0.000 * 0.000 :
| / ----- Fitted A = Simulated A  Jake WIrong tagg INg
0.90} [ Fit Line a = 0.990 + 0.002, .
b = 0.000 £ 0.000 ratio into account for
; Fit Line a = 0.993 = 0.002,
0.80} b = -0.000 * 0.000 :
Fit Line a = 1.018 # 0.002, each w__. bin
070l b = -0.001 + 0.000 qr
~ FitLinea =1.022 + 0.004, .
b =-0.002 + 0.000 * Observe large bias for
— 0.60] __ FitLine a = 0.952 £ 0.005, _
5 _ Fitheas12% s 0020 the two highest wrong
% + war6 = 0.0157 tagglng bins (bIaCk
2 0.40 wqr5 = 0.0865
2 wqrd = 0.1545 and purple)
0.30¢ wqr3 = 0.2283 .
+ war2 = 0.319 » Bias comes from low
0 20;_ +  wqrl = 0.4089 -
. + war0 = 0.479 MC statistics!
g . = Correct fitting bias:
04 No time J b
N resolution, yet! I —.

COr
d
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Sensitivity Test Unbinned Fitter with wrong tagging

; X _— : : .. cer
| >0 Lgne 1 o1e, |* Very first preliminary sensitivity plot
1.0+ T | | | | ° W(ro = uv.vi : : :
5 . wqr5 = 0.0865 |° Fitter has information about wrong
S 098 ' ' ' ' wqrd = 0.1545 | tagging, but no time resolution
S : X _ e
< 0.8} ' ' ' wqr3 = 0.2283 1. 54 sensitivity reached at
2 P ® wqr2=0.319 i
= 0.7F | | % & wqrl = 0.4089 A > 0.004 PS™
SO X wqr0 = 0.479
E 0.6 v Error weighted average for all wqr bins
© i A
ﬁ 05” — 1 [ | & |
§ Ve X
g 0.3 _. - ,‘, | | | | | | | | X X
S : o 0
"S 0 2'..___._-_! _____________________________________________ N [ S p——
S 1 |
= UM 1 _ _ A | | |
e ECINE 1 2 ' ' * ! { 1 ;
! O
0.0 _.“l.“l...l..,l...l ................... | TN N ¢ ................... L ................... \L .................. z ................. ﬂ .................................... m ................. ” ........
Q Q Q Q Q Q Q Q Q Q
IONNNRY R TS I ICOI S
Simulated A [ps~!] X107
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Summary

« Search for quantum decoherence of flavor entangled B mesons

» Absolute decay times distinguish decoherence from wrong tagging
* \We have access to the absolute decay times in Belle |l

» Exploring measurement only using the absolute decay times (not Aft)
* Developing a new unbinned fitter

» Preliminary: Observe 5o sensitivity for 4/ > 0.004 ps—1in 385 b " of toy MC

Thank you for your attention!
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Backup: 5 flavor vs 7, 1, with wrong tagging

A=1.0ps~ ' and w=0.5

» If wrong tagging ratio reaches 50 %

no hints of decoherence can be
observed

= The closer we get to 50 % wrong
tagging the fitter will get more and

more problems fitting for A

W S

I I
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o) o

A\
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I l I
<
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Same Flavor Probability

o
|
-
N
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Backup: Linearity Test Unbinned Fitter with wrong tagging

£ o] = - Small bias is observed for small
2 : A values in the 5 best w,, bins
— | Pebx * Bias comes from|lpw statistics!
| ' = Correct fitting bias:
Ace — D
| | Ao =
A
: 0.010 SlmU—lal(:)eO(IiSA [ps_l] 0.020 0.030

sl
00 —i ™ Ip] ~ (@))]
oo o o o o
Co S S S S
S

Simulated A [ps™|
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Backup: Bias study

__ FitLinea = 0.996 + 0.000,
b = -0.000 + 0.000
------ Fitted A = Simulated A
0000k Fit Line a = 0.997 + 0.000,
o b = -0.000 + 0.000
Fit Line a = 0.998 + 0.000,
b = -0.000 + 0.000
Fit Line a = 0.995 + 0.001,
| b = 0.000 % 0.000
o070 ~ FitLinea=1.010 + 0.001,
b = -0.001 + 0.000
— ~ FitLinea = 0.985 + 0.003,
n b = 0.000 % 0.000
2, ~ FitLinea = 1.094 + 0.004,
0050} b = 0.005 + 0.000
= : +  wqr6f= 0.0157
g wqr5|= 0.0865
[ wqré
wqr3
0030¢ 4+ waqr2l= 0.319
+  wqrlj= 0.4089
+  wqro0
0.010 F ° SImUIate 1 M eventS
-
008 » Keep wrong tag ratio the same
= |_arge wrong tag ratio = Large bias

0.0 E

= : : = |loat numbers causing a small bias?

Simulated A [ps™']
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Backup: Bias study

Fit Line a = 0.996 + 0.000,
o b =-0.000 = 0.000
------ Fitted A = Simulated A
Fit Line a = 0.996 = 0.000,

b =-0.000 = 0.000

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

Fit Line a = 0.994 = 0.001,
b =0.000 = 0.000

Fit Linea = 1.006 = 0.001,
b =-0.001 = 0.000

Fit Line a = 0.987 = 0.003,
b =0.000 %= 0.000

Fit Line a = 1.099 = 0.005,
b =0.005 %= 0.000

wqro = 0.01

wqrd = 0.08

wqgrd = 0.15

wqr3 = 0.2

wqgr2 = 0.3

wqgrl = 0.4

wqr0 = 0.48

« Simulate 1M events
 Round wrong tag ratio that we get integer
sign flips

U AR LR AL R AR LR R

0.090

4

UL AR AR AR LR RN RN R LR AR LR

0.070

+ 1+ 1l

LR LR RN AR

0.050

_+_

Fitted A [ps™']

AR AR R AR AR AR LR AR LR AR

0.030

++ +

0.010
0.008
0.006
0.004
0.002
0.000

L AR AN AL A LA AR RN AR RN AR AR RN AR LR

0.0 E

§ E : = Small effect on the scale of ~ 1 %

Simulated A [ps™]

Lucas Stoetzer 06/26/2025 - Belle Il Summer School VT



Backup: Bias study

Fit Line a = 0.996 = 0.000,
b =-0.000 = 0.000

—————— Fitted A = Simulated A

Fit Line a = 0.996 = 0.000,
b =-0.000 = 0.000

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

Fit Line a = 0.994 = 0.001,
b =0.000 = 0.000

Fit Line a = 1.002 = 0.000,
b =-0.000 = 0.000

Fit Line a = 0.996 = 0.001,
b =0.000 %= 0.000

Fit Linea = 1.009 = 0.001,
b =0.000 %= 0.000

wqro = 0.01

wqrd = 0.08

wqgrd = 0.15

wqr3 = 0.2

wqr2 = 0.25

wqgrl = 0.3

wqr0 = 0.35

« Simulate 1M events
» Small wrong tag ratio
= Bias Is of statistical nature

0.090 |

0.070 F

+ 1+ 1l

0.050 F

+.

Fitted A [ps™']

0.030

++ +

0.010 F
0.008 F
0.006 F
0.004 £
0.002 F
0.000 F

0.0 E

T ol

N <H © 00 — o) o) I~ fop)
=f=Y=k=X=) o S o o
COCCo S S S S
cooo

Simulated A [ps™]
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Backup: Bias study

100k events Gen Wrong tagging bins (fraction of data)

A= 0.002 ps~! wqr() (15.5%) Wyr1 (15.8% Wer2 (16.5%) wq, 3 (13 4%) Wy 4 11. 6% wqrg (11.0%) were (16.2%)

A orms 372 +0.0217 | —0.0007 + 0.0038 | 0.0069 + 0.0018 ‘ 0.0007 |_0.0021 - 0.000:
3
:0 All 25% 0 0028 + 0 0013 () 0023 + 0. 0013 0 0052 + O 0013 | O. 0024 + 0. ()015 —0 0014 + 0 0017 | O. 0019 + 0. 0015 0.0004 + 0.0014

b All 30% 0.0018 +£0.0016 | 0.0010 £+ 0.0016 | 0.0062 + 0.0017 | 0.0018 4 0.0020 | —0.0032 + 0.0023 | 0.0002 £ 0.0020 | —0.0002 + 0.0019
20 All 32% 0.0003 £+ 0.0018 | 0.0004 + 0.0018 | 0.0069 £ 0.0018 | 0.0015 4 0.0022 | —0.0044 + 0.0026 | 0.0023 £+ 0.0023 | 0.0002 £ 0.0021

= All 33% 0.0011 + 0.0019 § —0.0001 4+ 0.0019 | 0.0075 + 0.0019 | 0.0018 4+ 0.0022 | —0.0055 + 0.0028 | 0.0017 + 0.0025 | 0.0000 + 0.0022
=

» 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~! | wyo (~ 14.3%) ‘ wer1 (~ 14.3%) ‘ Wera (~ 14.3%) | wers (~ 14.3%) ‘ War4 (~ 14.3%) ‘ Wrs (~ 14.3%) | wyre (~ 14.3%)
Normal 0.0003 £ 0.0204 § 0.0072 £ 0.0043 § 0.0014 4+ 0.0019 | 0.0011 £+ 0.0014 § 0.0024 + 0.0009 § 0.0017 £+ 0.0007 | 0.0019 = 0.0003
All 5% 0.0014 + 0.0005 § 0.0014 £+ 0.0005 § 0.0020 £ 0.0005 | 0.0023 £+ 0.0005 § 0.0021 + 0.0004 § 0.0019 £ 0.0005 | 0.0023 = 0.0005
All 25% 0.0020 £ 0.0013 | 0.0033 £ 0.0013 § 0.0024 + 0.0012 | 0.0012 £+ 0.0015 § 0.0043 £ 0.0012 § 0.0012 £+ 0.0014 | 0.0038 = 0.0014
All 30% 0.0030 £ 0.0016 § 0.0026 £+ 0.0018 § 0.0019 £+ 0.0017 | 0.0018 4 0.0020 § 0.0041 £+ 0.0017 § 0.0013 £+ 0.0019 | 0.0044 = 0.0017
All 32% 0.0030 £ 0.0018 | 0.0039 £+ 0.0020 § 0.0016 £ 0.0019 | 0.0010 £ 0.0023 § 0.0050 £ 0.0019 § 0.0012 £ 0.0020 | 0.0049 += 0.0019
All 33% 0.0029 £ 0.0019 § 0.0041 £+ 0.0020 § 0.0021 £ 0.0020 | 0.0008 £ 0.0024 §} 0.0050 = 0.0020 § 0.0010 £+ 0.0021 | 0.0052 £+ 0.0020
All 40% 0.0029 £ 0.0038 | 0.0058 4+ 0.0039 § 0.0032 £+ 0.0035 | 0.0019 4+ 0.0046 §} 0.0119 + 0.0035 § 0.0013 £+ 0.0039 | 0.0075 £ 0.0037

Wrong tag ratio
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Backup: Bias study

IM events Gen Wrong tagging bins (fraction of data)

A=0.002 ps~! | wgo (15.5%) wer1 (15.8%) Wera (16.5%) Wers (13.4%) Wora (11.6%) wgrs (11.0%) Wyre (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
e 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 All 25% || 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
3 All 30% || 0.0023 £ 0.0006 | 0.0022 + 0.0006 | 0.0014 4 0.0005 | 0.0021 £ 0.0006 | 0.0015 £ 0.0007 | 0.0013 £ 0.0007 | 0.0020 £ 0.0006
2|1 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 4 0.0006
;§ 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 £+ 0.0012 | 0.0021 £ 0.0013 | 0.0014 = 0.0010 | 0.0032 £+ 0.0013 | 0.0031 £ 0.0015 | 0.0016 £ 0.0013 | 0.0032 4+ 0.0012
1M events Gen Wrong tagging bins (fraction of data) |
A = 0.002 pS_1 Waro (N 143%) Wyri (N 143%) Wyr2 (N 143%) Wyr3 (N 143%) Wyra (N 143%) Wars (N 143%) Ware (N 143%)
- Normal 0.0022 £ 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
< 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
3 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
2| 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
:g 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
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Tt 2. Propagate 5, to
beamspot and apply vertex fit .‘Bsig

1. Reconstruct one /
IP

B meson <Bsig>

. b S1g IP

IP T

4. Propagate the covariance matrix of

B, vertex in B, flight direction and

3. Get flight direction of B, g tag

via momentum conservation Btag use tube as vertex fit constrain for 5,
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Backup: Absolute times using the Btube method

| Plot made by Radek Z. — No constraint | Plot made by Radek Z. — No constraint
1200 — SigB constraint : — SigB constraint
_ ] — TwinB constraint 1000 — TwinB constraint
i i L BTube constraint . Pﬁ_ BTube constraint
1000/ il | I
| f Exponential _ jﬁh |
800r ' convoluted with | T
3 [ ] resolution ;
600 F . . T
| function of tsig/ttag _ -
400+ | W
| i !
. b
200 i r:J
e %

- Reconstruction of the absolute times of 5, and b5, is working!
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Backup: Sensitivity to Lindblad decoherence parameter 4 in binned fitter

N=72000 ~ 385 fb~! dtBins=15, tminBins=3 .

o
-
L I L T T Ll

O
©
T

Fractional Uncertainty: RMS(Acor)/Agen

50 Line

wqrt = 0.0157
wqrd = 0.0865
wqrd = 0.1545

Error weighted average for all wgr bins

Caution: This is a very first

estimate,| The fitter has no
information about wrong
tagging ar resolutions!

» Reach 5o sensitivity, at truth level, for 4 > ~ 0.03| ps~!

« Fractional uncertainty is bias corrected:

RMS (%) RMS (%)

/lgen Z

Simulated A |ps~!]
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