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Belle Il detector at SuperKEKB

Nano-Beam scheme
O, 56mm 0, 10-12 um

Belle |l detector and its luminosity
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Scintillator + WLSF + MPPC

— " (end-caps , inner 2 barrel layers)

EM Calorimeter

Csl(Tl), waveform sampling electronics

KL and muon detector @
Resistive Plate Counter (barrel outer layers) I N F N

Belle IT

° Excellent vertex

= . resolution
Particle Identification e Efficient neutrals
electrons (7 GeV) Time-of-Propagation counter (barrel) .
Prox. focusing Aerogel RICH (forward) I’econStI’u Ct|0n
Vertex Detector I B ('|TO, K )
2 layers Si Pixels (DEPFET) + e S

4 layers Si double

sided strip DSSD

“t

Central Drift Chamber

Smaller cell size, long lever arm

Asymmetric e*e collisions at the

SuperKEKB accelerator complex

O

in Japan

Recorded world’s highest
instantaneous luminosity
(4.7x10% cm2s)
Collected 362 fb' dataset
at the Y(4S) in 2019-22,
corresponding to 387M BB
pairs
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https://www.researchgate.net/figure/Overview-of-the-Belle-II-detector_fig1_328638236
https://confluence.desy.de/display/BI/Belle+II+Luminosity

LHCDb detector at LHC

LHCb Detector
Weight: 5,600 tonnes
Height: 10 m

Length: 20 m

Vertex
Locator

LHCb detector and operation

Tracking
Station
Dipole
Magnet
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Electromagnetic
Calorimeter

Muon

Hadronic ~ Stations
Calorimeter

Tracking
Stations
Single armed forward spectrometer
Large sample of semileptonic decays
All b-hadron species accessible
Decay time resolution ~ 45 ps
Ap/p=0.5-1.0%

eff(kaonID) ~ 95 %

eff(muonID) ~ 97 %

Pion mis-ID fraction ~ 10 %
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LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2023
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x| . 2023 (6.8 TeV): 0.37 /ib
= a 2022 (6.8 TeV): 0.82 /fb
|| . 2018 (6.5 TeV): 2.19 /fb Y
B a 2017 (6.542.51 TeV): 1.71 /fb + 0.10 /b /
B a 2016 (6.5 TeV): 1.67 /fb
2015 (6.5 TeV): 0.33 /fb
I a 2012 (4.0 TeV): 2.08 /fb
] . 2011 (3.5 TeV): 1.1 /fb
I 2010 (3.5 TeV): 0.04 /fb l ’
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https://cds.cern.ch/record/2770529/files/w1_LHCbDetector_3D.png
https://lbgroups.cern.ch/online/OperationsPlots/index.htm

Time-dependent CP violation in B mesons @

e Experimental methods
e Time-dependent CP violation
e Flavor taggers in experiments
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Experimental methods B

Belle I
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s - : " > e InBelle ll, produced quantum entangled

T Ree - : states allows measurement time difference
: between states
Az = At - ﬁ"/ : e InLHCb, oscillation in signal side and
: opposite oscillation is not guaranteed, time
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e To measure time-dependent asymmetry in B mesons we need to know:
o  Flavor of the other b quark
o Proper decay time (difference)
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Time-dependent CP violation BIaE

e The measurements of ¢, = B can be performed either at: TER e amdn T e
o  Tree dominated in ccs transition using J/wK® channel 0:5 g_o sin 20 ; K E
o  Loop dominated in qgs transition using e.g. K° channel 5 3 B i 3
: % A §
): IV E
' E— ¢2l ¢3 1 il 1 ¢1 | —é
-0.4 -0.2 0.0 0.2 ﬁ 0.4 0.6 C();(Mfltte;ﬂ
. ,
dop(ar) ~ DB = 5= T8 = 1
CP e L : :
P(BO — f)+T(BY = f) Mixing-induced CP asymmetry: S; ~ sin (2¢;) = sin (20)
= S¢sin(AmgAt) — Cr cos(AmgAt) Direct CP asymmetry: C';

e Six measurements done by Belle I
e One measurement done by LHCb
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http://ckmfitter.in2p3.fr/www/html/ckm_results.html

Time-dependent CP violation

e Another measurements in BOS meson sector (LHCb only):
0 i SS .
o ForB s V'V (vectors), angular analysis of @_, ¢_>:

(B, - f) ~T(B = f)
(B, — f)+T(BY — f)
=17y - sin ¢ - sin Amt

Acp (t) =

1=

<
N
- IIIIIII|I|I||I|lIII|IIII|IlII|IIII

o  Difference between decay widths of heavy and light mass eigenstates Al'_

o Asymmetry measurement of ¢, =y angle

L(B%(t) — f/f) ~ e T=*(cosh (%t) + C} 7 cos (Am,t)+

. Al :
A7 fpsinh (=21) — 8 7 sin (Am,t))
O = — I — TQDSK 4AT _ —27%SK cos (0 — (v —285))
y AT T?D«SK ¢ L T%%K
AT _ —2r} g cos (0 + (v — 265))
d 1+rd,k
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http://ckmfitter.in2p3.fr/www/html/ckm_results.html

Flavor taggers at LHCDb

LHCD flavor tagger

are output to gn

Sv]

SS Pion

SS Kaon

SS Kaon NNet
SS Proton

SS Pion BDT

{ #,,,,f~—*”””’)

Same Side
Opposite Side

Signal Decay

OS Vertex Charge

‘KbK—) X}_\'
OS Charm

e Inputs of taggers are charge of daughter and granddaughters and they

e Tagging power of combined OS and SS taggers:

(@)

(@)

o)
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https://twiki.cern.ch/twiki/bin/view/LHCb/FlavourTaggingConferencePlots
https://link.springer.com/article/10.1140/epjc/s10052-019-7159-8

Flavor taggers at Belle |l

e Traditional algorithm (Category based Flavor Tagger):
exploit single particle’s property (using e.g. charge of
daughters, ...) outputted into qr

o  Typical flavor-specific decay modes are called categories
and they are combined for output
o Interrelations of particles are not fully exploited
e Graph-Neutral-Network based Flavor Tagger (GFlaT)
o Pairs of particles are used as input information for the
GFlaT
o  Single particle’s information is used as well.
e Performance using Data:
o ¢ (Graph)=37.39+0.39 %
o ¢ (Category)=31,68 £ 0.38 %

e GFlaT increase tagging efficiency about 18%
compared to category based flavor tagger

e Using GFlaT we are able reduce statistical uncertainty
in TDCPV analysis about 8%

Jakub Kandra, INFN Padova
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https://indico.desy.de/event/34916/contributions/146867/attachments/84073/111314/TDCPV_EPS_Tittel.pdf

Time-dependent CP violation in B mesons @F?\u

Belle IT

e Time-dependent CP violation results
o sin2¢, and sin2¢.*" measurements
’ 0 KO
m J/EpKOS, K%, oK’ m°K° and K°.K° K’ analyses
o @, ¢l and @, analyses
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EPS-HEP 2023 - TDCPV_Bellell
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Results of sin(2¢,) at Belle II B CNFN

Belle IT

R WYSTT (Preliminary) &
- + Btag (q = 1)
= [cdt=362 b -
Q 400} t Bpg (@=—1) BY = J/p(—= LK (— nta™)
N A
= /R Syprg = 0.724£0.035 (stat) £ 0.014 (syst)
= 300} il A Cyyro = —0.035 £ 0.026 (stat) £ 0.012 (syst)
wn II §
(0)) ! \‘
S 200} I \ HFLAV :
© 4 b
— \ S o = 0.669 £ 0.017
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https://indico.desy.de/event/34916/contributions/146867/attachments/84073/111314/TDCPV_EPS_Tittel.pdf

Result of sin(2¢,)

at LHCDb
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https://indico.desy.de/event/34916/contributions/146866/attachments/84163/111432/TDCPVLHCb.pdf

Results of sin(2¢,)°" at Belle || BIaE

Belle IT
Belle II [cdt=362 fo!
40 r——m—m—mm—mmr————77
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https://indico.desy.de/event/34916/contributions/146867/attachments/84073/111314/TDCPV_EPS_Tittel.pdf

Results of sin(2¢,)°" at Belle |l BIaE
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https://indico.desy.de/event/34916/contributions/146867/attachments/84073/111314/TDCPV_EPS_Tittel.pdf

Results of @_, ¢_ S8 by LHCb B CNFN

Belle IT

2 10° 0 + l_z @ 103 E AR -
5 Q.
2-' " B — J/Q/JK K LHCb Run 2, 6 fb’ ; . y Bg — ¢¢ (d) LHCb g
S 0t e —4- Data - g 102 L 6 fb! T
LT P ™ — Total fit E = HE m
% 5 a \ -.=- CP-even . : Z N
s 10°F b — - CP-odd = S 10 N
= : : 3 g .
2 o0 ] g0 o
S 10°F 3 =) 1 1e
= E 3+ E 1|10
© 1 © <
10e : 107 =
- i - S
N : lop
| s L L L 1 L L L 1141 —2 R RS P T P T P!
: 5 10 10 2 4 6 8 10
Decay time [ps] Decay time [ps]
parameter value + stat + syst parameter value £+ stat £ syst
¢s [rad] -0.039 £ 0.022 £+ 0.006 2% [rad] -0.042 £ 0.075 £ 0.009
Run 1+ 2 :¢, = —0.044 4 0.020 rad Run 1 +2:¢7* = —0.074 4 0.069 rad
HFLAV :

0s = —0.039 £ 0.016 rad

As expected CP violation is very small in these channels
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https://indico.desy.de/event/34916/contributions/146866/attachments/84163/111432/TDCPVLHCb.pdf

Results of A, y by LHCb N

[G_Fst(1+y)]i2 1 — y
1 5] - -
T g " i& Bg 3 DS—K:L e 1?2 — DS‘K“_L fr—t Untagged Dy KJ:
" # BY - DYK— *# B DrK- % Untagged D K
LHCb 4 P & o
2.1 fb! :r‘%’l - ‘é
E | 18
{ E( 1o
ES 18
| & 1B
IS -
“F Preliminary 2018 data El= i
0 .él‘jill.é‘l‘é“lo
t [ps]
From BY — J/ym' and BY — J/¢yr n™ : y=T4+11°
AT, = 0.087 £ 0.012 (stat) & 0.009 (syst) ps~*
HFLAV : HFLAV :
AT, = 0.074 4 0.006 ps~" vy=659 7133 ° .
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https://indico.desy.de/event/34916/contributions/146866/attachments/84163/111432/TDCPVLHCb.pdf
https://indico.cern.ch/event/1184945/contributions/5531354/attachments/2716814/4718987/CKM_qfuehring.pdf

Time-dependent CP violation in B mesons

e Systematic uncertainties limitations
e Perspective for future measurements
e Conclusion
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Uncertainties and limitations for BO—>J/L|JKOS Bl

Belle IT
LHCDb Belle Il
Run 142 __
Syry | = 0.716 £0.013 (stat) + 0.008 (syst) m Syjpro = 0.724£0.035 (stat) £ 0.014 (syst)
Cyxo 7% = 0.012 £ 0.012 (stat) + 0.003 (syst)% Cyryx0 = —0.035 £0.026 (stat) = 0.012 (syst)
T S a S C
Source 0(5) G(C) § Bc:)ur—c>eD(*)_7r+sample size a(sg.i; = U(E.OOCZ) aé.Og;J)
Fitter validation 0.0004 0.0006 j B® — J/yKg sample size 0.035  0.026
AT 4 uncertainty 0.0055 0.0017 |5 (EEEESEERN

FT calibration portability 0.0053 0.0001 |2  Analysis bias 010 Oz D405
FT Ae e EI 00014 00017 |- Fixed resolution parameters 0.07 0.004 0.004
‘tag PO y - : 2 7 & Amy 0.06 0.001  0.000
Decay-tlme bias model 0.0007 0.0013 o T A binning 0.04 0.000 0.000

At measurement
Alignment 0.06 0.005 0.003
Beam spot 0.16 0.002 0.002
Dominant CMS Energy 0.03 0.000 0.001

Scaled to statistics Backgrounds

B% — D®—rtsWeight bias 0.24 0.001 0.001
B° — D®-1+tAE background 0.1 0.001 0.001
Signal AFE shape 0.08 0.002 0.000
Tag-side interference — 0.010 0.007
Total systematic 0.34 0.014 0.012
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https://indico.desy.de/event/34916/contributions/146866/attachments/84163/111432/TDCPVLHCb.pdf
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Future prospects INFN

< 9 fbh-1 'S < Goal: 50 fb! > <+——Goal: 300 fb'! —>
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JE——
Run1 LS1 Run 2 LS2 Run 3 LS3 Run 4 LS4 Run 5 LS5/ Run 6

2011 2012|2013 20142015 2016 2017 2018}2019 2020 20212022 2023 2024 2025]2026 2027 2028§2029 2030 2031 203242033 203442035 2036 2037 2038|2039|2040 2041

EPS-HEP 2023 - Highlights LHCb
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; © 6l T T, A
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https://indico.cern.ch/event/1166059/contributions/5305534/attachments/2657551/4603517/futureBelleII-JBaudot-fpcp23.pdf
https://indico.desy.de/event/34916/contributions/142216/attachments/84333/111705/23-08-23_manuelf_lhcb_EPS-HEP_Hamburg.pdf

Future prospects - statistical uncertainty
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5sin(2¢,) using B°—n'K®

Belle IT
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https://indico.desy.de/event/34916/contributions/146866/attachments/84163/111432/TDCPVLHCb.pdf
https://arxiv.org/abs/1808.10567
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Conclusions and outlook

HFLAV (J/yKs) £
Time-dependent CP violation measurements in B meson decays were w+co gwks) f

T
PRI ™S L

- S—

. Belle Il (J/gKs) £ | ) 1 st 1 ] 1
IntrOduced ¢ 0.64 0.66 0.68 070 0.72 0.74 0.76 0.78
Flavor taggers used in Belle Il and LHCb experiments were explained sin (2¢1)
Results for several time-dependent CP violation analyses have been :Lfﬁiizfi .
shown: HFLAV (0K F - —_— -
o sin(2¢,) measurements using J/l.|JKOS G i N — e
o sin(2¢,)°" measurements using K, mK°, oK’ and KO K°K®, :F;A\I’l ‘(”'ZS)) ] :
= elle Ks) £ 3 —_ .
o @, @S %I andy analyses e oa  os o8 1o
Uncertainties of measurements with dominated factors were sin (2¢1)*"
discussed LHCﬁF(;;\; : paliis i :
In future, LHCb and Belle Il will deliver more precise measurements; " V#<"K ") e
¢s [rad]
Luminosity [fb™] it
Year d(sin (2¢1 /2 HELAVE
LHCb Belle1r 0O (2601/20)) wook e ]
2018 3 O 0 017 0.06 0.07 0.08 0.09 0.10 0.11
' AT [ps~1]
2023 9 362 0.011 -
HFLAV | ———
2032 50 5 000 0.006 | _
2041 300 50 000 0.004 60 6 70 75 8 8 90 9

EPS-HEP 2023 - TDCPV_LHCb
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https://indico.desy.de/event/34916/contributions/146866/attachments/84163/111432/TDCPVLHCb.pdf
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Cp=

Jal...

Time-dependent CP violation

Another measurements in BOS meson sector (LHCb only):

o Angular analysis of ¢_, ¢_,

[(B, = f) ~T(B! = f)
(B, = [)+T(BY = [)
= 1)y - sin @, - sin Amyt

Acp(At) =

o Yield ratio AFS
Ny N [e_FSt(ler)]E | 1—y
Ny [e—rst(1+y>]§§ 1+y

R(t) =

|IIII|IIII'IIII

luded area has CL > 0.95

o

=

N
=

1

—
Amy& Amg
My

fi L
K Spring 21

sol. wi'cos 20, <0
fexcl.at CL > 0.95)

%

IIII|IIII|I|II|IIII|IIII|IIIIIIIII

3
1 1

0.6 0.8 1.0

CKMfitter

o Asymmetry measurement of ¢, =y angle

D(BYt) = f/f) ~ e_rst(cosh(%t) + C} 7 cos (Amt)+

AT
At - ’
Af/t? sinh (Tst) — 8} /7sin (Am,t))
oo loth v ~hacws@-(-28))  ar_ ZhcsinG = (y=26))
f 1+ T%SK ! 1+ T'QDSK Y 1+ T'QDSK
JAT _ —QT%SK cos (6 + (7 —28s)) GAT _ 27’%51( sin (6 4 (v — 26s))
Fo 14713,k F 1473,k

R IR LR LI R R R R )
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http://ckmfitter.in2p3.fr/www/html/ckm_results.html

Results of sin(2¢./2B)*" at Belle I

Bl

Belle I
50 [ ~4- g=+135¢
- Belle Il (preliminary) b g=-—1 E Belle Il (preliminary)
w40 [Ldt=362fb? o SOF [Ldt=362fb?
o [ Qo5 Lk
— O I :
T 30F ~N 20
- P - 9 15l Due to polarization of
E;; e = = ol photon sin(2¢./2B)*" ~ 0.
a > > 10 ¢
1@ 10} g | H\t
S ¢+ >t ‘+
E 0 15 ol* 11
5 { : 2 +1] %
& | b, 8 ++;£ 4|1, & HFLAV:
+ H E + + " E Sice0, = —0.16 £ 0.22
)] i 7))
....1....1..,.1.‘..—_1< 1|—l—| '_1< CK*O'y:_OO4:i:014
-10 -5 0 5 10 -10 -5 0 5 10
Sro0., = 0.50 4 0.68
At [ps] At [ps] Ksmo
BY K*(— K= nta~|n%) BY 5 K3(— ntn )Yy Cgonoy = 0.2040.39
Spo, = 0.00 1537 (stat) T0-03 (syst) Skoxoy = 0.04 047 (stat) £ 0.10 (syst)
Cgroy = 0.10£0.13 (stat) £ 0.03 (syst) Coq0, = —0.06 +0.25 (stat) & 0.07 (syst)

Jakub Kandra, INFN Padova

25


https://indico.desy.de/event/34916/contributions/146867/attachments/84073/111314/TDCPV_EPS_Tittel.pdf

Results of (p cp S8 by LHCb B CNFN

Belle I
2 10°F 0 + 1“;' 10° L L B .
o I = E
10t e ata _: s 6fbt 1/
S Es A —Toalfit 3 10°F = i
2 - & N -.-- CP-even : C ]
S 10k b WL, —.CP-o0dd 3 10p 18
= = ~ = E 3 |w
I - ; S-wave . - 1|
B 2L h _ . =
501 1 E :
- ] C <
10F ] 107 .
- - S
R A M & 2 o, 13 T S A S S N S S S A S L
1 s 0 10 2 4 6 8 10
Decay time [ps] Decay time [ps]
parameter value + stat =+ syst parameter value + stat + syst
¢s [rad] -0.039 £+ 0.022 4+ 0.006 5% [rad] -0.042 £ 0.075 £ 0.009 ¢s,0 = —0.18 £0.09 rad
|A| 1.001 4+ 0.011 + 0.005 By 1.004 +£ 0.030 £ 0.009 ¢ — ¢s0 = 0.12+0.09 rad
|AL|? 0.2463 + 0.0023 £ 0.0024 |AL|? 0.384 + 0.007 + 0.003 ¢ —¢s0= 0.17£0.09rad
| A |? 0.5179 £+ 0.0017 £+ 0.0032 | Ag|? 0.310 + 0.006 + 0.003 Io| = 1.02 £ 0.17
01 —dp [rad] 2,903 + 0.0075 + 0.048 01 — dp [rad]  2.463 £ 0.029 + 0.009 IAL/Ao| = 0.97 £ 0.22
8| — 8o [rad] 3.146 + 0.061 + 0.052 d) — 9o [rad]  2.769 + 0.105 4+ 0.011 A1/ Aol = 0.78 +0.21
Run 1+ 2 :¢, = —0.044 4+ 0.020 rad Run 1+ 2 :¢%% = —0.074 + 0.069 rad
Run 1+ 2:[A| = 0.990 £+ 0.010 Run 14+ 2: |[A[= 1.009+0.07 £ 0.030

Jak b KQIIUIG’ 1Ny IN 1T aOuuva

26


https://indico.desy.de/event/34916/contributions/146866/attachments/84163/111432/TDCPVLHCb.pdf

Results of Al', y by LHCb

e Tt 1 —y

x e Tt " T4y

T T T T T

LHCb

2.1fb!
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Prelimin
1 1 1 " M

1

ary 2018 data

qOHT AdOdl - €20¢ d9H-Sd3
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From BY — J/vyn' and BY — J/yntn™

AT, = 0.0087 £ 0.0012 (stat) & 0.0009 (syst) ps~*

Jakub Kandra, INFN Padova
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' BY » DK~ %# B° - DrK- % Untagged Df K-
/g -"I""l""l';'l"l"';I""VI""';
S o0k k i
£ 900 .. e e s
= Y s i AVE I I

Wa +3S ¥y LHCD preliminary |

100 F+ 6fb -

BT TN R S e

parameter value + stat 4 syst ¢ [ps]
Cy 0.791 + 0.061 £ 0.022
ART 0.051 =+ 0.134 = 0.037
Sy -0.071 £ 0.084 4+ 0.023
A%P 0.303 £ 0.125 + 0.036
S? -0.503 4+ 0.084 4 0.025

v 1°] 74 + 11


https://indico.desy.de/event/34916/contributions/146866/attachments/84163/111432/TDCPVLHCb.pdf
https://indico.cern.ch/event/1184945/contributions/5531354/attachments/2716814/4718987/CKM_qfuehring.pdf

Systematic uncertainties B°—n'K®_ B°—>cpK° INFR

Be//eH

Source C’U/Kg S”/Kg Senrce - — %s)
Signal and continuum yields < 0.001 0.002 Cahb,mtlofl with B _> il

= Calibration sample size +0.010 +0.009
SxF and. BB ylelds < 0.001 0.006 Calibration sample systematic +0.010 +0.012
Cppr mismodeling 0.004 0.010 Saniple dependeics —0.005 +0.021
Signal and background modelling 0.020 0.014 St ]
Observable correlation 0.008  0.001 Fit bias +0017 +0.033
At resolution fixed parameters 0.005  0.009 B® & K+ K- K9 backgrounds o it ‘i
At resolution model 0.004 0.019 Fiisd: 6 ibisies 40,000 10,022 &
Flavor ta‘gglng 0.007 0.004 7o and Amg uncertainties +0.006 +0.022 9‘
TRo and Amd < 0.001 0.002 Agric-x9 and S - o +0.014 +0.013 §
Fit bias 0.003  0.002 BB budiounds +0.030 Hoo1r 9
Tracker misalignment 0.004  0.006 Teg-side interference < 0.001 +0.012
Momentum scale 0.001  0.001 Multiple candidates +0.032 ~0.002
Beam SpOt 0002 0002 At measurement
B-meson motion in T(4S) frame < 0.001  0.017 Detector misalignment +0.002 ~0.002
Tag—side interference 0.005 0.011 Momentum scale +0.001 +0.001
BB background asymmetry 0.008  0.006 Beam spot £0.002  £0.002
Candidate selection 0.007 0.009 At approximation < 0.001 —0.018
Total 0.027  0.037 Total systematic T001s  *0om

Jakub Kandra’ INFN Padova Statistical +0.201 +0.256



https://arxiv.org/abs/2307.02802

Systematic uncertainties B°—K°® 1’y INFN

K*O’y ngo,y
Source S C S C
E and p scales SRS ESE(O8S +0.047
Vertex measurement +0.021 =£0.009 #£0.023 +0.036
Flavor tagging L0005 Thpie 008 THOG

Event-by-event fractions 4-0.003
Resolution functions +0.014

Physics parameters < 0.001
BB asymmetries tg;g;ﬁ’

Tag-side interference < 0.001

+o-00s +0.032 +0.013
+0.009 40.032 +0.013

< 0.001 £0.003 < 0.001

+0.023  +0.032
+0.022 —0.015 —0.033

—0.002 +0.001 +0.001

TF0.033
Total 0037

+0.032 +0.100 UL
—0.031 —0.098 —0.070

Jakub Kandra, INFN Padova
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Systematic uncertainties B°—K° m°, B°—K° K° K° @

Belle IT

BOK Om0 BOKO KO K°_

Source 6oC 58S Source S C

Flavor tagging 0.013 0.011 TRo, Tp+, and Amy 0.009 0.000

Resolution function 0.014 0.022 Signal modeling 0.014 0.008

BB background asymmetry 0.030 0.018 At resolution function 0.013 0.008
o qq background asymmetry 0.028 < 0.001 Background At modeling 0.004 0.002
g Signal modeling 0.004 0.003 Flavor tagging 0.013 0.012
9 Background modeling 0.006 0.018 Fit bias 0.014 0.004
E Fit bias 0.005 0.011 Tag-side interference 0.011 0.006
o Best candidate selection 0.005 0.010 Vertex reconstruction 0.011 0.004

750 and Amyg < 0.001 < 0.001 Tracker misalignment 0.008 0.007

Tag-side interference 0.006 0.011 Total 0.032 0.020

VXD misalignment 0.004 0.005

Total 0.047 0.040

Jakub Kandra, INFN Padova


https://arxiv.org/abs/2305.07555

Systematic uncertainties BSO—>J/L|JK+K'

* Uncertainties (x0.01) Dominant sys.  Sub-dominant sys. Stat. limited
Source WE  aiir e K da—de G=dn le=le B OSm
[rac] [rac] I e T o A
Mass parametrization 0.04 0.03 0.03 0.02 0.15 0.12 0.02 0.04 0.03
Mass: shape statistical 0.04 0.04 0.05 0.09 0.62 0.33 0.02 0.01 0.11
Mass factorization ).11 0.1( 0.42 0.19 0.54 0.60 0.12 0.16 0.18
B contamination * 0.04 0.05 — 0.02 — 0.17 (0.07) (0.03) —
D-wave component 0.04 0.04 0.02 — 0.07 0.13 0.01 0.03 0.02
Ghost tracks 0.07 0.04 0.02 0.10 0.18 0.18 0.02 — 0.01
Multiple candidates 0.01 — 0.27 D; 2D 0.90 0.41 0.01 0.01 0.24
Particle identification 0.06 0.09 27 27 1.31 0.51 0.05 0.15 0.46
Cgp factors — 0.01 0.01 0.03 0.73 0.41 — 0.01 0.04
DTR model portability - - 0.08 0.03 0.26 0.09 — - 0.09
DTR calibration — - 0.03 0.02 0.11 0.07 - — 0.05
Time bias correction 0.04 0.05 0.06 0.05 0.77 0.11 0.03 0.05 0.44
Angular efficiency 0.05 0.14 0.25 0.32 0.42 0.44 0.01 0.02 0.13
Angular resolution 0.01 0.01 0.02 0.01 0.02 0.08 — 0.01 0.02
Kinematic weighting 0.24 0.09 0.01 0.01 0.98 0.86 0.02 0.03 0.31
Momentum uncertainty 0.08 0.04 0.04 — 0.07 0.11 0.01 — 0.13
Longitudinal scale 0.07 0.04 0.04 — 0.10 0.09 0.02 — 0.31
Neglected correlations - - - — 4.20 4.96 - — -
Total sys. unc. 0.32 0.24 0.6 0.5 4.8 5.2 0.14 0.24 0.9
Stat. unc. 0.17 0.23 2.2 1.1 7.5 6.0 0.14 0.44 3.3

*The uncertainty of the Bc+ contamination for Arj and Al s is included in the fit to data

Jakub Kandra, INFN Padova and does not contribute to the quoted total systematic uncertainty.
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https://indico.desy.de/event/34916/contributions/146866/attachments/84163/111432/TDCPVLHCb.pdf

Systematic uncertainties B_"—¢¢@

Bl

Belle IT

Source % |\ |Aol* |ALI* o5 —3d0 &L — do
Time resolution 49 26 0.8 0.8 0.1 3.4
Flavor tagging 48 4.7 09 1.3 1.2 9.7
Angular acceptance 39 49 14 Ly 4.7 1.2
Time acceptance 29 A-F W1 0.1 5.6 0.7
Mass fit & factorization 2.2 4.4 1.9 2.3 2.3 2.5
MC truth match .1 B2 41 0.1 0.2 0.3
Fit bias 0.8 0.7 0.9 0.3 3.6 0.7
Candidate multiplicity 0.3 02 0.1 0.8 0.2 0.1
Total 88 86 2.7 3.3 8.5 10.7

Jakub Kandra, INFN Padova
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https://indico.desy.de/event/34916/contributions/146866/attachments/84163/111432/TDCPVLHCb.pdf

Systematic uncertainties B_*—J/yn’/rm, y @

B "—J/yn’ / B *—J/yTtrm

Source Value [ns™]
Simulation sample size 4.6
Acceptance Model 3.0
Bin centre method 0.3
CP violation 0.1
;8 0.1
J/n" background model 6.9
Jrt ™ background model 0.8
Total 9.0

Jakub Kandra, INFN Padova

B°-D_ 'K
s s
Source Cy AFT AR5 Sy
Amg 0.007 0.004 0.004 0.108 0.103
Detection asymmetry — 0.079 0.083 0.006 0.007
Multivariate fit 0.045 0.095 0.121 0.088 0.112
Flavour tagging 0.256 0.026 0.028 0.012 0.070
Decay-time resolution model 0.195 0.002 0.003 0.058 0.167
Decay-time bias 0.062 0.027 0.046 0.188 0.167
Decay-time acceptance, I'y;, AT’y  0.006 0.225 0.231 0.003 0.003
Decay-time acceptance ratios 0.001 0.018 0.018 — —
Neglecting correlations 0.137 0.081 0.0564 0.135 0.043
Total 0.358 0.273 0.285 0.278 0.294

JOH1 AdOdL - €20¢ ddH-Sd3
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https://indico.desy.de/event/34916/contributions/146866/attachments/84163/111432/TDCPVLHCb.pdf

