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Introduction

Lepton ID is an important item for high precision measurement
« Require good performance - less fake backgrounds (r —» ¢,K — ¢)
« Require corrections (Data/MC) with small uncertainties

Eg. Semi-Leptonic WG meeting in B2GM

B — v (M. Aversano) B —» D*¢v (D.Domer)

Systematic Uncertainties Systematics estimate for w[1,1.05]

o Four systematics missing: fake rate, luminosity, continuum shape, track momentum

Source catimation seoling
- 15% o Will be added when rerunning with MC15rd
BR(Y(4S) » B*B") 1% o Turning on all systematics yields same result as the sum
. - Sys. Unc.
Trac?ung efflr:lve.ncyv 0.240% Eextrq PDF estimation P dwdcos; vel e ]
| Particle Identification 26% | MC Statistics 11.4% binl  bin2  bin3  bin4 _ bin5  bin6 bin7
0 ) - -
70 reconstruction efficiency 0.6% Continuum Reweighting 36% [ Iter:fg';%f (1118 2;8 (l)gg 2;8 (1);/8 8;3 ggg ]
Tag B reconstruction efficiency 0.2% / Multiplicity Corr. BA slowPions 260 260 260 250 260 260 2.70
R 4 | P XcElINuWeight 2.30 2.60 230 230 260 350 220
Eextra PDF Z137% Total -13.7% Form Factors ~ 2.80 220 210 210 230 200 2.00
o nbb 1.50 1.50 1.50 1.50 1.50 1.50 1.50
Total 163
—14.1% Dst_BR 0.70 0.70 0.70 0.70 0.70 0.70 0.70
D_BR 0.70 0.70 0.70 0.70 0.70 0.70 0.70
lifetime 0.30 0.30 0.30 0.30 0.30 0.30 0.30
MC_unc 3.99 5.66 6.74 6.05 5.83 5.42 5.22
data_stat 6.63 9.40 11.20 10.06 9.68 9.01 8.68
all 9.20 1210 1390 1270 1240 11.80 11.20
D. Dorner (HEPHY) B — D*fv 46th B2GM 11/13

Lepton ID would give a large impact on several analysis

Let’s discuss some items to improve the performance!
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https://indico.belle2.org/event/9872/contributions/68450/attachments/24932/36865/46th_b2gm_wg1_parallel_23_10_24_taunu_had.pdf
https://indico.belle2.org/event/9872/contributions/68454/attachments/24951/36890/Dstlnu_46th_B2GM%20(3).pdf

LID efficiency calibration

Evaluate LID efficiency/fake rate using several channels

Electron ID
« ee - (ee)ee: momentum coverage is p < 2.5 GeV/c

« J/Y - ee: momentum coverage is 1.0 < p < 3.0 GeV/c [Fossibleto coverfullp range

« ee — ee(y) . momentum coverage is 1.0 < p GeV/c

Muon ID
« ee - (ee)uu: momentum coverage is p < 2.5 GeV/c

« J/Y - puu: momentum coverage is 1.0 < p < 3.0 GeV/C | possible to cover full p range
« ee - uu . momentum coverage is 1.0 < p GeV/c

- ¢, K- £ mis-ID

. Kg — . momentum coverage is p < 1.0 GeV/c
* ee - 1(1p)7(3p): momentum coverage is p < 1.0 GeV/c
« D 5 (DY > K nHrt for K — ¢ fake rates
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Current performance

BDT-based elD BDT-based elD

Belle Il [Ldt= 189 fo-! 4 uoete Belle Il [Ldt= 189 fb~! + Jlu-ete
L 1.50 _ e
> 11 et Barrel t eteT-eteTeve” o ECL Barrel + e'eT-etee’e
a S 1o5L ete"»ete(y) a S 125F ete " —»ete (y)
;8 (0.56 =8jp< 2.23 rad) S 1251 (056 <6ja < 223 rad)
Q E Q E
o 1.00 | @ 1.00 |- RS
075 = 0.75
o1 | Fake rate at 95% eff+ «-rn .| Fake rate at 95% eff + ki-nn
+ 9 e*e - T(1p)T*(3p) - = ete™ - T=(1p)T¥(3p)
‘# g 1072 D"+ - DYK-m*)n* - K mis-ID %, g 1072 D** — DOK=T*)* - K mis-ID
+ _3 —— [ _
cg 10 —_— 3~ <107 s
E Fake rate: 0(1073~%) £ —
10 4 10—4
Il Il Il Il | | | |
1 2 3 4 5 1 > 3 7 5
p [GeV/c] p [GeV/c]
Likelihood-based ulD Likelihood-based ulD
- — -1
. 7Be"e Il JLdt= 189 fo-! 4 ot ol Belle Il [Ldt= 189 fb + oty
o) z KLM Barrel + eteroeterytun o 9 KLM Barrel + efeT-eteutus
[ + ete " »utu~ [ _+_ ete s utu-
v 8 1251 (0.82 =6p < 2.22 rad) HHY S 1251 (0.82 =615 < 222 rad) Hy
<E IE
T 1.00F T 1.00
075 0.75
= Fake rate at 95% eff + «-mm _ Fake rate at 95% eff + «ke-nn
+ 0 109 ete™ = TE(1p)T¥(3p) | -8 10° ete==TH1p)TH(3p)
I a ol * o(k- R e b b——
o Lo - D** > DO%K~m*)nt - K mis-ID ?_ S D**+ - DOK-1*)m* - K mis-ID
*h B T e
< é _ <2 —_——
10-2 R Fake rate- O(10—2) £ ——
‘ ‘ ‘ rdlc 1alc. V\LU } 10-2
1 2 3 4 5 ‘ ‘ ‘
p [GeV/c] 1 2 3 4 5

p [GeV/c]

The performance at Belle Il is comparable to or better than that at Belle
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urrent corrections and unc

Jly-outu~, ete" sete utu, ete oputu-
Jly—ete, ete- sete-eter, etem »eter(y) u~ efficiency - Data/MC - muonID_noSVD (FixedThresh09), incl. iso_score
e~ efficiency - Data/MC - pidChargedBDTScore_e (FixedThresh09), incl. iso_score

| Belle Il [Ldt= 364 b1 Best Data/MC + e*e-—eteete-

1.4 , Belle Il [1dt= 364 b Uncertainty: stat. @ sys. Belle Il [Ldt= 364 fb? Uncertainty: stat. ® sys.
—_ pidChargedBDTScore_e (FixedThresh@¥pt, @ sys. ete™ _,e+e—(y) 5
>
Q' 7 3 [ incl.iso_score, ECL Barrel stat. Sete- s
2 1. + Jly-ete 6.5 ¥ 6.0
[N} (0.56 =6jp < 2.23 rad) s .
=9 3
£212| -based e v .
72 ' )
a9 1af .
| N 5.5 b 5.0
b T
L e :
5.0 4.5
0.9 )
< 5 4.5 Lo 4.0
S F 1]
X %
=0 8 35
g 4.0 .
—
D -5 ! ! ! | | ! —_ . Y3,
1 2 3 a 5 6 753 S22 7 Fomsrtamn | oorean | osrans fossmies hosgmomst ossior | oareaams ooaany
[ gz @ 0.99%575% 1 0.97Z51g% 1 0.97Zg11% 10.98%0,0g75 1 098250725 1 0.95Z57%¢ 1 0.87Z538% 1098255995 9
Piab [GeV/c] o) 80
E 3.0 gy 2.5
Bette 1 [Lat= 364 1 1033758 119388 1014933 Q 0.98%333% 1 0.96:335% 1 0.97813% 1 0.97:31% 10.9828838% 1 0.96:313% | 0.88733% | 0982813
1.3 - Belle t= -« Best Data/MC + e*e -u*uTy 25 2.0
) ds
S ., muoniD noSVD (FixedThresh09)  stat, @ sys. 4 ete~—»ete utu~ Loanig Ty 1092 Lovazy 103 093588 2= 0.97:313% 10,9523 835% 1 0.97:811% 1 0.97:811% | 0.97:33% | 0.96:318% | 0.9583%% 1 0.95:8 1%
() +£ [Cincl. iso_score, KLM Barrel _ H9d
e - stat. + Jly-utu 2.0 éé L5
g.g 11 [ (082 <00y < 222 7ad) oooE | 1smaen 19 1993 19 oot 0.95%33%% | 0.937317% 10.947395%% | 0.96:811% 10.97288%3% 1 0.95731%, | 0.927838% | 0.93*83%,
& Likelihood-based ulD 10
85 IKEIINOO asea u L5 000ttt | oraeisit | 0omizs |osnai |osseats. | oo1eeies | 0rertis | orartin
E s e oo ooy L . -967332% 1 0.75383% 1 0.9%84%% 10.937335% 1 0.95733%, 1 0.915846% 1 0797833 1 0792853
T~ 1.0 1021334 i 11883 phediie] 099385, | 08835 <
o= Eé—-—:a:i —— ] 1.0 z 0.7
l:. 09F ™+ Losis | oseem | osemgm | o1mgm | tovems | ossdmm 0.96%§73% 1 0.78%48%% 1 0.797188% 1 0817885 1 0.85%883% 1 0797480 1 0.327392% 1 0.53%%%,
Fae 5 =2 =X = = =2
= 0.5
- 0.5
+22% 0.44% 1.13% +1% +1.01% +7.67% +11%
0.8} % - 0001318 0995913 0.90:313% 098593 084z L8 0.79%8%5, | 0-81X035% | 0.82X5:53% | 0.83%5%4 | 0762555 | 0.261753% | 0.39113%
38z
25 32
— . Tt
X 28¢
= 0.0 “0.4 0.64 0.82 1.16 1.46 1.78 2.13 2.22 2.6
g 0.22 0.56 1.13 1.57 1.88 2.23 2.71 0. : : : : : : : :
S 25k . . . . . . 6 [rad] 6 [rad]

1 2 3 4 5 6
Piab [GeV/c]

« Similar corrections in three calibration channels - High reliability

« Calculate corrections and uncertainties in bins of (p, 9, q)
« Comparable to or better than those at Belle
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Next step?

> my opinion
For high precision measurement, these items should be considered
1. Bin-by-bin correlations in Lepton ID
2. Lepton ID considering beam background
3. Effect of event multiplicity
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1. bin-by-bin correlations

Currently, provide corrections in bins of (p,9,q
« We also estimate both statistical and systematic uncertainties
- The correlations among the bins are not considered..

U, ete~ sete putus, etem sututy
Jly—-ete ,ete”»eteete, ete »ete(y) _ . Jy-putus, N . .
e efficiency - Data/MC - pidChargedBDTScore_e (FixedThresh09), incl. iso_score u~ efficiency - Data/MC - muonID_noSVD (FixedThresh09), incl. iso_score

o Belle Il [Ldt= 364 fb~? Uncertainty: stat. @ sys.

65 Belle Il det= 364 fb~! Uncertainty: stat. @ sys.

s
6.5 ;E
] 6.0 >
3
T
6.0 o
5.5 o
9
. ¢
5.5 H
1
: 5.0
3
5.0 .
4.5 g
i>
. 33
4.5 S 1
(3 4.0 E]
X
1
23
4.0 - 35
— —
L 35 B4 & 3.0 g
> g S 3 Et
I 022% 0.17% 0.11% 0.086% +0.073% +0.1% +028% +0.099% I>
0] ‘:"}’ 8 0.99132%% 1 0.97X83%% 1 0.971011% 10.9813835% 1 0.9813873% 1 0.9581% 1 0.87:035% 10.9813835% 133
— oo
o 30 LR = 25 o
1.037373% bk h o 1.01933% +0.21% +0.19% +0.12% +0.1% +0.088% +0.12% +0.35% +0.12% o9
278% 016% 033% Q 0.981823% 1 0.961835% 1 0.97%3315% | 0.97131% 10.98%3038% | 0.961915% | 0.8815:32% | 0.9818:12%
‘p 2.5 o 2.0
£
* 1.0458% 113885 1433% 1.01:333% 11538 0.931458% 19T 0.977312% 10.95+388%% 1 0.97+311% 1 0.97+3311% i 0.97:31% 1 0.962314% | 0.97337% | 0.95+018%
Tt
2.0 £ ? 1.5
. <
ossy | oug |l | o | @ | osum 0.95:93%% | 0937815 {0.042508* ! 0.9681Y {0.07:50%8 ! 095781 | 0.02:921% | 093575 || £
? 15 1.0
. +0.93% +1.05% +0.47% +021% +02% +0.16% +033% +8.13%
1.02:334% 1:9838% 1188%% 1:904% 0.99%555%, 0.88237%%y, < 0.962376% | 0-75110a0 | 0.92036% | 0.93Zg7g%¢ | 0.95251gy | 0910145 | 07920330 | 07920355
1.0 z ? 0.7
+6.33% +0.69% +1.06% +082% +0.63% +0.67% +2.05% +35%
1.03398% 0.9970047% 1 0.99+0073% fieo o A 0.83+072% * 0.9625329 1 0.782g¢100 1 07921035 1 0.81%55%" 1 0.85Zgig35¢ 1 0.79%0635¢ 1 0.3223755¢ 1 0.53%7 756y, ”
0.5 0.5 gi
>
: 0.79+22%. 1 0.81+044% | 0.g2+113% 1 0.g3+1% 0.76+191% 1 026+761% | (.39+11% 5
0.94%33%% 0.99*31% 0.99%313% 0.99*313% 0.9893% 0.841925% v g _ -0.92% —035% —~0.92% ~0.94% -0.8% -7.:83% -12% 383
> 0.4 T
388 . SR
T =
Suyu
88

0.4 0.64 0.82 1.16 1.46 1.78 2.13 2.22 2.6

0[rad]u u
. ? ?
2023/10/30 Making a covariance matrix is crucial




How to evaluate correlations

We don’t have any concreate plan about It..

« One (general?) idea is to apply bootstrapping
« Need to understand what uncertainties are sensitive for correlations

J/1 channel: perform a binned likelihood fit to M,, distribution

Tag-and-probe method is used to determine the LID efficiency
Example

o e Tag selection Tag selection
LID efficiency (e) @ elD > 0.95 @ elD > 0.95
Probe selection Probe selection
Nsig \ @ elD>09 \ Q elD <09
paSS Belle Il ' [Ldt=189fb" ' [Ldt=189 b
sig sig ? | onsis T sig 7
Npass + Nfail | Npass Jt Neai) §

Y

3 3.05 g' 3.15 29 295 3 305 31 315
M,. . [GeV/cT] M, [GeV/c?]

« Simultaneous fit is performed over the two “pass” and “fail” sets

- Calculate efficiencies for each (p, 6, q) bin

Systematic uncertainties: signal PDF parameters

Eg J/Y > uu  PDF = Ny, [a x Gauss(u, woy) + (1 — a) x Bifur(u, wor, wog)]
+ NpkeCheby (¢, ¢2).
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How to evaluate correlations

We don’t have any concreate plan about it
« One (general?) idea is to apply bootstrapping

« Need to understand what uncertainties are sensitive for correlations

ee - (ee)tt, ee(y), yu channels:

Systematic uncertainties e T
/@ /@ Probe selection
- w- ¢ K- ¢ fake rates e i eID > 0.9
« Trigger selection (on/off) N!ag Npr'obe
« Background MC vyields B ,
c [VbTObe'ifj\Ewobe c ﬁvﬁrobe
data bk MC — 7
]\Qag _4&2Y£ag§_‘ 'PVLag
Bkgms"l-Jﬂbtraction 29

Can we define a covariant matrix per systematic source, per channel?

How to combine all these matrices into one?

- Your suggestion is very appreciated!!
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2. LID vs beam background

Observe a degradation of LID efficiency due to beam background

« 5-10% degradation of elD efficiency BDT-base ¢lD

- 10-15% degradation of elD efficiency 8" gl ey Sotksaziogve T =

B BEIIe ” %ellectro niD > 0.9, Q=:1 s s s :

ICle

Beam bkg gives an impact on detectors
« CDC: gain drop (dE/dx)

o

L N
T T A T ST

Electron eff

3 3 C# 2020 summer run

« ECL: pedestal shift 5 2001 summer

o
»
T

o
N
"

4} 2022 summer run

« KLM: multi-strip-hit? L |
[0, 2] [2, 4] [4, 6] [6,8] [8,10] [10,12] [12, 14] [14, 16] [16, 18] [18, 20]

o
LI

time since injection [ms]

Expect larger beam background as the peak luminosity increases
- We cannot avoid such a degradation for the LID variables.
« It would be the limitation of LID performance

2023/10/30 10



Our approach for beam bkg

Likelihood-based elD
For low momentum (p < 1.0 GeV/c), we rely on CDC info (dE/dx)

« Better to utilize ECL info © more tolerance against beam bkg
=4 d v e 21¢f  Belle I LoW beam bkg 2.¢f Belle il LOW beam bkg
1 Sid Devy; 06667 L% 10° bucket29 % 10° bucket29

D bucket36 10’ D bucket36

‘ HHHH‘ HHHH‘ HHHH‘ L LR \HHH‘ HHHH‘ HHHH‘ HHHH‘ HHHH‘ 1
—_
(@)
)

[T ",M‘”\ L L L L IR IR

o High beam bkg 105 High beam bkg
10* E
10° *
[ -.~: ‘ e 102 102 é
= W B o 0.4 <p <0.5GeV/c 0 0.4 <p<0.5GeV/c E
-Galln d'rop 1 10;\\\\HH\HH\\\H\HH\HH\HH\HH\HH\H\E H‘“HH‘HH‘HH‘HH‘HH‘HH‘H“HH“HE
L -1-0_1 PSR N “1 TR .;lO 0 01 02 03 04 05 06 07 08 08 1 0 01 02 03 04 05 06 07 08 09 1
p [GeV/c] CDC Likelihood (e) ECL Likelihood (e)
> 12r T r ] Z T r 0.4:GeV/c < p < 0.5 GeV/ B
BDT-based elD: S [ Bellell coonosos oot 1§ [ Bellell accuonn-os oo ]
S 1 ] £ F i i
oo g 00—0-0-00C C 0= e ==l 0 F3 8 0+0+ —0—+0-+-0—
« ECL info as input vars! gesgz=""""" "o gosfo i :
o oo : el Drop of up to ~20% .
- Smaller drop of eff.! = oumres : 20208b ——p S5
" : 400 - 2021c =
..r2rop of up to ~40% oo ool 2022a 4 % -
i I ; 202204 % |
Toay By ey Togy 110 2 15178 15176 15]78 2520 2522 257 5] 25700 g0 Se/ag,lu/a,,‘%/asv PN 07, o By ey gy 1,170 12 1,17 157 16]78 2020 2072 2] 25]%8 270 o0 550 o //34;/36 Iz
However’ We Stl “ See deq radatlon time since injection [ms] time since injection [ms]

2023/10/30 Likelihood-base elD BDT-base elD



Effect of corrections

Provide corrections in bins of (p, 6, q)

PID efficiency

Data/MC

Assume no run-dependency

—
Belle Il

o
~
(@)
@
<
I3}
A
ke
A
o
(&)
@
(0]
<
I3}
9]
|
@
W)
_|
o
(@)
\%
o
©
I

¢ Data

¢ MC15ri

¢ MC15rd

PID efficiency

o
©
@

Belle Il

® N e )
S ! O g S O O O : : 3 O0—O0—0—=0

CI) Data
¢ MC15ri

¢ MC15rd

—_—,————
0.4 GeV/c <p < 0.5 GeV/c, Q=+1, BDT elD >

o -

.9

7

/[

Observe run-dependency in LID efficiency

It appears even though we use run-dependent MC

« dE/dx calibration is not enough..

- Do you want corrections per eg. bucket number?

2023/10/30
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GNN-based Flavour Tagger

(Just for information):
The LID degradation gives impact on other performance..

D .
</> Comparison of €
Belle IT

Loaensae  B2GM slide (T.Bilka)

MC15ri_b: Eff = 40.04 +/- 0.07 %

MC15ri_up: Eff = 38,93 +/- 0.16 %
MC15rd: Eff = 39.88 +/- 0.07 %

O Results of

|

Effective efficiency

O MC15rd vs MC15ri:

mmmmmmmmmmmmmmmmm
a a = - - ~ - - ~ o o ® m = m m ™
uuuuuuuuuuuuuuuuu

xxxxxxxx
mmmmmmm

mmmmmmmmm
xxxxxxxxx
uuuuuuuuu

{ { ( ]
L S w 3 3 5 5 3 5 §5 5 5
S T 2 o2 2 89 829 9 52 &2 &2 32 &2 a2 2 a2 2

g e T v T T U T
a G 2 2 2 e 2 e

aaaaaa

MC15ri_b

MC15rd
(bucket36 only)
Data

€eoff [%0] (Only stat)
40.04 + 0.07
38.93 £ 0.16
39.88 +£ 0.07
38.23 £ 0.38
3732+ 0.34

and MC15rd are

closer to Data than MC15ri.
® MC15rd (bucket35,36): eq¢r ~ 38%

Reconstruction and beam-background
condition is more realistic.

vs MC15ri:
Decay model and BR of hadronic B-decay
are modified.

GFlaT performance: consistent run-dependency with LID

2023/10/30
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https://indico.belle2.org/event/9872/contributions/68094/attachments/24873/36798/GNNFlavorTaggerBelle_BGM.pdf

PID using Convolutional NN

Exploit the specific patterns in the ECL crystals

Training sample

Utilize the spatial distribution of energy deposition in the ECL

Anja Novosel’s study

MC only study

(electron/pion) efficiency

Particle-gun (m, e, 1, K,p )

10° 5

.
o
L

,_.
o
N\

,_.
o
&

,_.
o
L

2023/10/30
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Examples of images for different particle species.

Belle Il Simulation, ECL barrel, 0.2 = p < 1.4 GeV/c,q = +1

e eff at 90%
+
+
+
+
+
<+ Analysis BDT
CNN
0:2 0j4 Oi6 0:8 1:0 1j2 1i4
p [GeV]

ECL-image: NxN neighboring crystals

1.0

(muon/pion) efficiency

o
o

Belle Il Simulation, ECL barrel, 0.2 = p<1.4GeV/c,q = +1

o
o
1

©
[e)]
1

©
H
!

o
N
1

u eff at 90%

m — e, u Take rate improves at low momentum

—_—
L e ——e—
4+ Analysis BDT
CNN
Oj2 of4 0i6 Oi8 1j0 1j2 1f4
p [GeV]
14

Utilize ECL information for low momentum®




. Event multiplicity

Other particles in the vicinity of a candidate track

- 1.363 1.958 0.429 0.611 1.962 0.483
« affect PID of the candidate track
1.793 1.908 0.422 0.605 1.663 0.219
1.719 1.866 0.414 0.646 1.963 0.221

- Define an “isolation score” per a candidate track R ———

—,

as RIAT o

« The proximity of the track is checked at various cylindrical surfaces.
ues for the distance (1n [onl) to closest ext, helix to detine isolated particiss. Jw—put -

1()2 T T T T
g Low isolation score ]

pthresh Lotk High isolation score il
det :

> m_distThreshPerDetLayer = {

minET2ETIsoScoreAsWeightedAvg (referenceListName,
useHighestProbMassForExt, detectorList)

Returns a particle's isolation score s based on the weighted average:

\r!ny>ars Dthresh RI(»’U, 0}, in.n h

D det Z, Wt * 1;:

8§ = ;;KLH), 0}, 20.0 } 100

E Wet ’ i
where d; is the distance to the closest neighbour at the i-th layer of the given detector (c.f.,
minET2ETDist), Ncll::'ers is the number of layers of the detector, D" is a threshold length 107!

related to the detector’s granularity defined in the TrackIsoCalculator module, and wget are
(negative) weights associated to the detector’s impact on PID for this particle type, read from a

CDB payload. _2 ' ' ' I
payloa 1070 0.2 0.4 0.6 0.8 1.0

The score is normalised in [0, 1], where values closer to 1 indicates a well-isolated particle. muoniD_noSVD

« Good agreement of “Data/MC” b.t.w ee - £¢,eett and J/y
« Some difference of “efficiency” b.t.w ee - £¢,eett and J/y
- Not urgent task, but worth to considering it in the future
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Summary

Lepton ID is an important item for high precision measurement
« In the past few years, several improvements have been performed
- The performance is comparable to or better than that at Belle!

Current limitation
« LID correlations

« How to get one covariant matrix? Your suggestion is welcome.
« LID degradation due to beam background

« Efficiency drop - Need better PID to avoid losing statistics

« Data/MC has run-dependency - Need better calibration.
« Event multiplicity (eg. ee — eeff vs J/y - £7)

 No obvious difference of “Data/MC” b.t.w channels for now

« [t might be worth to considering it in the future

2023/10/30 16
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J/Y channel

Reconstruct J/y candidate from hadronic B decays

« Two tracks as originating from the IP 2 ?e"e — e

« At least one track have a value of ¢ID > 0.9 208 i 5:0

+ 28< My, <33 GeV/c? z

« Some requirements for bkg suppression Hl ::
(eg. R, < 0.4, matching ECL cluster) °*

. . . . . . . 1.0 15 2.0 2.5 3.0
- Perform a binned likelihood fit to M,+,- distribution p [GeVic]
. . Coverage: 1.0 <p < 2.5 GeV/c
Prepare suitable PDFs for sig/bkg
. Belle Il [Ldt=189fb" Belle Il [Ldt=189fb"
.29000 T T e e e T (L B 8 e T ]
=20000 § Ny, = (1.303 = 0.005) x 107# =35000 N, = (1.359  0.004) x 10° | ;
512888 - w = 3.095 GeV/c? A\ 230000 | = 3.097 GeV/c® : E
214000 | 0 = 0.048 GeV/c? 925000 F ¢ = 0.017 GeV/c? E
0 E ]
12000 20000 ]
o a $15000 \ ;
S 6000} 510000 \ ]
© F o] A ]
c R S St SOOI \ c 5000 AN E
8§ 2000 V2wl leees. 8 e e
29 2.95 3 3.05 3.1 3.15 2.9 2.95 3 3.05 3.1 3.15

M.... [GeV/c?] M. . [GeV/c?]

Extract the number of of J/iy candidates based on the fit result
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J/Y channel

Tag-and-probe method is used to determine the LID efficiency
Example

. e Tag selection e Tag selection
LID efficiency (¢) @ elD > 0.95 @ elD > 0.95
@ Probe selection e Probe selection
|

Nsig \ elD = 0.9 I elD < 0.9

J

assS
8 — -g p .g , Belle ! - ' _,detﬂ,sgfb-‘ Belle !l _ ' _[Lor=1891"
S1 Sl sig sig !
Npass —|_ Nfail Npass Neoq

‘2 £ 7 : AL, 2'9”””/;/"9';/' 7
M,. o [GeV/c?] M,. .- [GeV/c?]

« Simultaneous fit is performed over the two “pass” and “fail” sets

« (Calculate

Belle Il [Ldt= 362 fb~! , (Abs.) uncer@ainty: stat. ® sys.

/MC - pidChargedBDTScore_e (FixedThresh09),

efficiencies for each (p,6,q) bin

Belle Il [Ldt= 364 fb~! (Abs.) uncertainty: stat. ® sys.

3.0

N/A N/A

) g
ol & 2.0
Q Q

1'8.22 0.56

6 [rad]

6 [rad]
VAVYAS YRRV S NN 19

rrection (central value)

Data/MC co



ee - (ee)t? (di- photon) channel

« Enough statistics (p < 3.0 GeV/c)

« ¢*¢~ within the detector volume acceptance

« Suppress backgrounds (ee — qq, 17, eenrm, eeKK, £€)——
Escape into the beam pipe

« Eg. Total visible energy, pt balance

Tag-and-probe method is used to determine the LID efficiency

107 Belle Il f Ldt=189 1"
gzoooé—wvwwww """""""" -
> 1800F- * Dat = e e e e
2 1e00f E \/ \/
Q ™o ?"' —— Backgrounds i / /
g 1200 %, =
@ 1000 %, E .
& s0f & 3 Probe selection
S 6o0f 4
% 400; é e e e e eID > 0-9
O 200; E \ ’ \ l

055 — s

p[GeV/c]
3 Belle /] Ldt=189 "

e M f ,,,,,,, . Ntag Nprobe
5 600 -
§ E \ Data E
é) 500; — ﬂ'“"‘t').i.{....'%
O 400 i . o j _'.”‘ g .”“ »e
< /'\ e N, probe 7 Nprobe % N probe
o 300 “ - 5 P — H 5 _
2 3 - data — F E — - __,
R f Niag S NenE Me— N
ie] E ]
& 100f \ 3 ag tag tag
©] F ) 3

TosTT T s C Bkg subtractlon 20
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ee - (ee)tf (di-photon) channel

-
-

> > T
o 1 — o - |
& — T —o— . & I o——6——g— 1
S B o — d— . S I o -
© osl— ] © osl— o _|
Q r i Q o §
o B N o FO—0— N
- — - _O_ —
0.6[— — 0.6 ol —
i ] A ]
0.4 _— —_ 0.4 _— __
L oData i L ¢Data .
N ®MCri - - ®MCri -
o2l Belle Il f Ldt = 364 b gptr O®MCrd 7 o2l Bellell f Ldt = 364 b ®MCrd ]
B _ 4 Uncertainty: i B _ Uncertainty: i
- 0.56 < 6,-|< 2.23, elelctronID > 0|.9, Q=-1 stat ®syst - - 0.82< 6,-|< 2.22, mulonID > O.9I, Q=-1 stat ®syst
°05 1 15 2 25 3 °705 1 15 2 25 3
O 11 ®) 1.2 —
g 40 et - g E
© ©
IS IS
A A
1 0955 7 5 P 55 1
Efficiency corrections p, [GeVic] p, [GeV/c]

« Electron ID: a good agreement between data and MC15rd
« Muon ID: Some discrepancy between data and MC15rd
« Low momentum - CDC dE/dx calibration? Still under investigation
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ee - ee(y): Bhabha channel

« Large events across full momentum range
« High momentum: ee — ee

« Low momentum: ee — eey

Event selection

« Use trigger requiring an ECL cluster (>2 GeV)

6 Used in the
« Probe the track, which is not used in the trigger trigger

Used for

. : 2
- Require the recoil mass M7,.,; to suppress backgrounds the LID eff

Tag-and-probe method

Ptag-+probe Nprobe—Hag o Nprobe—l—tag 6 Tag selection
€data — EMC = —

Ptag Ntag Ntag .
Probe selection

p. purities with eeee, eeuu, uu, 1t MC samples

In this B2GM, Phillip reported a recent progress in this channel.
Please check his slide [Link]
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https://indico.belle2.org/event/9872/contributions/68089/attachments/24884/36770/20231018_b2gm_electronid_bhabha.pdf

ee - uuy: di-muon channel

Large events across full momentum range

Clean environment

« (Almost) no backgrounds

Tag-and-probe method

Edata =

.,o""“‘gi.{.é“."u"
N, probe ~7 N

bkg

.
D
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o Q
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‘e .
N o
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Bkg subtra.é;c"i‘g)n (eg. ee —» iy, KKy)
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K¢ - tr channel

Inclusively reconstructed Kg - nim Candldates are used

- High signal purity (99.4%) of this channel

Two tracks as originating from the IP
0.45 < M_+_- < 0.55 GeV/c?

Perform a vertex fit

- No need a tag selection

Misidentification rate: cut-and-count approach

- Compare Ny yields with and without ¢ID cut

2023/10/31

p [GeV/c]

Ke-m

n~ - e~ mis-ID rate - Data/MC - electronID_n SVD 0TOP (FixedThresh09), incl.

Belle Il [Ldt= 364 fb~!

3.0

(Abs.) uncertainty: stat. @ sys.

331+333%

2.5

N/A

N/A

Bl e e

=
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=
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o
]
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0.22 0.56 1.13 1.57 1.88
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IS

Data/MC correction (central value)

N

Candidates / (1.0 MeV/c?)

Belle Il MC

momentum

0.5 1.0 1.5

p [GeV/c]

600 £ 10° BeIIeII det O25><189 fb1

Methodology is similar as J/y - ¢¢
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ee - t(1p)t(3p) channel

A clean sample of pions to measure pion misidentification probablllty

‘_/r

« 7 v (3-prong) and 7 - £vv (1-prong)

3prong \<
« 98% of 3-prong tracks: pions (High purity) /
Event selection W
« Take 1+3 charged track events - wo T

« Suppress backgrounds: Thrust, visible energy..

.““““‘Bigé“.".a‘
€ Nprobe 7 NPTObe N Erobe
data — : bk EMC —
s g ;i

Bkg subtractlon
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D** - D°[- K~ n*]n* channel
« Measure kaon-to-lepton misidentification probabilities

« D** mesons are produced in ete™ - ¢¢ continuum events
« Use all the data (on- and —ff-resonance data)

on x1 o® _Belle Il (L dt = 208 fb"

022 F A Ny = (1174 £ 0.001)x10°
02F u = 1.865 GeV/c?

o =0.007 GeV/c?

0.18 |
0.16 |-
014
012 F

01F
0.08 |
0.06 |
0.04
0.02 |

Candidates/(2.5 MeV/c?)

1.8 182 184 186 1.88 1.9 1.92 194

elD >0.9 M, [GeV/c?] | ulD > 0.9
for the kaon track () No LID selection for the kaon track

14 K10°_ Bellell (L dt = 208 fb" 45 x10°_ Bellell (L dt = 208 fb"
« 3 ft Ngg = (3.914 = 0.110)x10° «— af ANy, = (2.118 = 0.017)x10*
S S 35
© b 7 v CF
s 1 :* \ 1 s 3f
[Te) F [Te)
o 08 4 o 25F
= F 4 Y =
%] + 4 %] 2 F
L 06 R T L
© s 5
o 7 e - 15F
5 04p 7 7 S 1F
= 7 7 7 c y,
TS 9o/ 7 7 I
o p Z 7 O o5 e h

N % 7% o R )
18 182 184 18 18 19 192 194 18 182 184 18 18 19 192 194
2: 2-
My [GeV/cT] My [GeV/cT]
(b) P. > 0.9 (c) P,>09

Figure 19: Fit to the Mpo distribution in the D** — D°[— K~7T]r" channel without
any probe selection criteria (top), with P, > 0.9 for the kaon track (bottom left) and with
P, > 0.9 for the kaon track (bottom right).
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Current assumptions for LID corrections

data
1 . . . .
e data/MC eff., fake rate) binned in (p, 6, g) from several calibration channels.
ri Jly-ptu~, ete »ete utuT, ete  outuy
u~ efficiency - Data/MC - muonID_noSVD (FixedThresh09)
70 Belle Il [Ldt= 189 fb™? Uncertainty: stat. ® sys.

e LID corrections (¢; =

e In each bin, if there's coverage, each channel provides a

6.5

.
- =3
X
central value £ 1o stat. £ 1o (combined) syst. o :
. O
5.5
. . . . 5.0 g
e Uncertainties can be asymmetric, depending on the
source and the prescription. o ¥
— 3.5
S g
: .
e Sources of systematic per channel are treated as full g 30f i
Yy P y o *f i
= [0.98233%, | 0.96283%% ! 0.97:312% | 0.987313% 10.988957 1 0.97:313% | 0.91283%% 1 0.96:313% 23
. . Q o5k
independent, thus summed in quadrature.
2.0F
[0.947812% | 0.94733%% 1 0.96811% 1 0.977332% | 0.977813% 1 0.97:338% | 0.97323% 1 0.931838%
1.5} <
Fooneg { osnsg2it {osargist | oos3iz | osergity | ossgige | osnrgat | ossizs, I 2
1.0f
[0.89%538% | 076182% | 0.9%333% | 0.92783%, | 0.943817% | 0.92:313% | 0.847338% | 069137,
0.7 F 1
[0.92:838% 1 0.817373% 1 0.8478373% 1 0.87+338% 1 0.89788L% 1 0.83287% 1 0.3573833% 1 0.4673%%, | y
0.5k . g3
] S3.
0s1E | oas 3 | oaaRist | omergyh Lorotat | ot | oos || 383

0.4 0.64 0.82 1.16 1.46 1.78 2.13 2.22 2.6
3 6 [rad]
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Combination of LID corrections, and “distance” systematic unc.

e In each bin, ¢'s from available channels k € {J/yw — u*u~, u*u~y...} are combined via a generalisation of
the weighted average in presence of asymmetric errors (c.f. arXiv:physics/0406120).

e Syst. uncertainties of all combined channels are assumed fully independent in each bin.

stat statsys
7.25 T T T T T T R I T B IR S IN IS
700 h COTZFOWS: (8505,5215) comb rows: (8505,5215)
\ Working point = UniformEgff95 / 7.0 ,\ \?\Io_rk-:—ng point = UniformEffo5 /] Eg . B DT(e), un |form eff 95% W. p
6.75 |- \ o 02<p<04, liSf7;69 <223 / 7 : \ _ 02<p<04,188<6<223 / 0
X_avg_guess = 1. E x_avg_guess = 1.1756 + _— + - + —
B NI i A T \ R e o Ky =z, eve” — 77 (Ip)r~(3p)
o & \ X_hat_stddev = -0.0165 +0.0165 / o \ x_hat_stddev = -0.0198 +0.0211/
© 6.00}f {1 e
\ / 6.0 \ .
575 - ’ 120 Bellell . gastpata/MC + efe —eteete
5.50 F \ / ] 5.5 L J! D ()
525F ~_ ] —
5.00 086 o087 oss : 089 090 091 30085 086 087 088 085 0.90 0.1 Best Data/MC + e’e”—~e'eTe’e
X hat x hat | stat. ® sys. + Jly-ete”
BN ! stat. ee vere(y)
e After combination, an extra (highly asymmetric) systematic is assigned —_—
. . . . o ——r—————lp———
— large channel discrepancies in some bins. = —
e Analysers are eventually given one (asymmetric) systematic error per bin, —a—
summing all in quadrature. A
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Breakdown of sources of systematics

Channel Source Correlation [%)] Correlation [%)] Correlation [%)] Notes
between pj,}, bins between 6),}, bins between channels
_ 1. Signal PDF parameters. 0 0 0 Each (piab, 01ab) bin
+
I — ete fitted individually.
1. n(K)—¢ 100 100 0(® (*) Neglected correlation to K§ — w7 —,
data/MC correction. ete” = 7 (1P)r¥(3P),
~+ 0 — )t
ete™ — (ete)ete~ D*¥ = D= K~ )
channels.
2. Background MC yield. 100 100 0 (%) (*) Neglected correlation
to eTe~ — eTe~ () channel.
1. Trigger selection on/off 100 100 0 -
ete”™ s ete (v) 2. Background MC yield 100 100 0 (%) (*) Neglected correlation to
(purity factors). to ete™ — (ete~)ete~ channel.
_ 1. Signal PDF parameters. 0 0 0 Each (piab, f1ab) bin
+ ab» al
I = w7 fitted individually.
1. 7(K)— ¢ 100 100 0 (%) (*) Neglected correlation to K — w7,
data/MC correction. ete™ = r+(1P)7F(3P),
D*t - D(— K—nt)mnt
+e— +o—\yty—
efe” > (eTeT)uTh channels.
2. Background MC yield. 100 100 0 (% (*) Neglected correlation
to ete™ — putpu~ channel.
_ _ 1. Background MC yield 100 100 0
+ +
ere T (M, + ,~ -, mismodelling)
KO _y mtm— 1. Signal PDF parameters. 0 0 0 Each (piab, f1ab) bin
§ 7T fitted individually.
1. anything — m 100 100 0 (%) (*) Neglected correlation to
ete” — r£(1P)7F(3P) data/MC corrections. e, u eff. channels.
2. Trigger eff. correction. 100 (?) 100 (?) 0 To be checked
1. PDF parameters. 0 0 0 Each (piab, 01ab) bin

D*+ - DO%(— K—nt)nt

fitted individually.

distance to min/max ? ? - Largest uncertainty in
post-combination (if > 30 from weighted avg.) mid py,;, range ([1-2.5] GeV/c).
May reduce w/ iso binning.

TABLE V. Description of the source of systematic uncertainty with assumptions on the correlations between bins and channels.

7
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ECL image-based classification using Convolutional Neural Network

Improve the identification of low-momentum charged [ . " " ‘
particles by exploiting the specific patterns in the [ry— - . g
spatial distribution of energy deposition in the ECL
crystals using Convolutional Neural Network
(CNN).

ECL-image: NxN neighbouring crystals around the entry point of the extrapolated track
into the ECL.

Examples of images for different particle species.

pixel intensity
energy deposited in the
corresponding ECL
crystal.

Image production does not depend on cluster reconstruction or < g
track-cluster matching.
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Convolutional Neural Network - architecture

Data sample: Particle gun sample with flat p € [0.2,0.6],[0.6,1.0],[1.0,1.4] GeV/c and 8 € [33,131]° spectra;
+/- charged tracks for each particle hypothesis: x, e, u, K, p

Belle Il Simulation, ECL barrel, 0.2 = p < 1.4 GeV/c,q = -1
1.0

g
Input g 081
C
P — 2 0
Input 3 7 —
Embedding ] Output S %=
. = —%—
= ?n(‘; 1:: 1 I;put >< Classification into 5 £ M= :#W
863 1D .. . | * | Ny classes S o %3
: f o : A === .
o = Flattening f>:< P(ﬂ) 00 + 11
0.2 0.4 0.6 0.8 1.0 1.2 1.4
p : ] o~ = P(e) pGeV]
e
Iy s ' ’ ’ i ’ V . P(ﬂ) 1 Befle I Simulation, ECL barrel, 02 = p < 1.4 GeVic, g = +1
; : : —> P(K) §
-~ C 0.8+
- N 0)
Pooling ( = P(p) S
Pan ““5 0.6
Energy deposition Convolution 1 Convolution 2 — N = ™
=< S gl ™
[/ E‘ 0.4 -
Flattcning ] 5 ==
— Fully connected layers g2 o o
= + I;Xll
0.0 T T T T T T T
Concatenaw 0.2 0.4 0.6 o [OGHeV] 1.0 12 14
. . m — p fake rates at fixed 90% u efficiency for models using
Convolutional neural network architecture. different sized images as an input.
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