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Self-introduction
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« 2020-2023: Belle Il experiment
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Tau physics analysis
ARICH operation

PID calibration
Learned lepton physics
after joining Belle Il ©
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Introduction
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Le ptons Higgs boson

« Charged Leptons: electron, muon, tau
« Neutral Leptons: electron neutrino, muon neutrino, tau neutrino
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Introduction: Neutral Lepton

Neutrinos: v, v, v,

« It is not possible to detect them
- The three-momentum and energy can be estimated

Eg. ee - Y(4S) — BgjgBiyg

Bsig = nv

Biag = hadronic decay
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(if there is one neutrino in an event)

CM frame

Missing energy
CM _ CM
Eg. Emiss - \/E - Evis

Not detect neutrinos = No way to identify neutrinos

= ESM



Introductlon Charged Lepton

Electron (e) Muon (u) Tau (1)
- mass: 511 keV/c?2 + mass: 105 MeV/c? « mass: 1.78 GeV/c?

» Lifetime: stable + Lifetime: 2.2 us .+ Lifetime: 300 fs
Tau: Heaviest/Shortest lepton in the SM smmeee
+  Many decays (Leptonic and Hadronic)  weme Pr— P

Csl(T1), waveform sampling electronics

o T ﬁ evv, MVV; T[v, pv, [ = W
electrons (7 GeV) p
we cannot directly detect T due to a short lifetime

Parlicle Identification
Time-of- PropagaI ncounle r (bas rel)
Prox. focusing Aerogel RICH (forward)

Vertex Detector
2 layers Si Pixels (DEPFET) + r
V 4 layers Si double sided strip DSSD

\\

G ay 7
7 >y ¢ positrons (4 GeV)
‘ b= Ce t ID ftoc::vml::"
— T _ _
e ,u,d,s ‘

u

Lepton ID at Belle ll: Identify “electron”™ and “muon”
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Introduction: Belle |l detector

General-purpose spectrometer

KL and muon detector

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC

— 'Q (end-caps , inner 2 barrel layers)
- A —

,,,,,,

EM Calorimeter

Csl(Tl), waveform sampling electronics

\\

\\\

—
—

electrons (7 GeV) 3 Particle Identification

Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

Vertex Detector 4
2 layers Si Pixels (DEPFET) + [ / i -~
4 layers Si double sided strip DSSD '/

- v 7 3 positrons (4 GeV)
Central Drift Chamber -

Smaller cell size, long lever arm
7 Trigger and DAQ
« Max LT rate: 0.5 30 kHz

« Pipeline readout

Better performance at the higher
trigger rate and beam background
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Introduction: Belle |l detector

Tracking CDC (dE/dx) Electromagnetic KLM
detector  + PID detector Calorimeter Detector
photons ‘
ei
Mi
i, K3, p
n

Combine the response from each sub-detector
e vs m,K: CDC (dE/dx) and ECL mainly contribute
« uvsmK: CDC (dE/dx) and KLM mainly contribute

2023/11/2 7



PID in CDC, ECL, KLM
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PID in CDC: Energy loss

Bethe-Bloch equation

dF B o 1 |1 2m6025272wmax 9 0(B7)
<@>KZ Z@[#“ 2 ST ] ~F(f)

W energy transfer to an electron MeV - F | | | .
in a single collision "‘E I ]

k- bremsstrahlung photon energy MeV ; 100 A ' _
z charge number of incident particle é £ ‘ \ Bethe ]
Z  atomic number of absorber 5 ;” A%ﬁ‘:;f:lu \ ]
A atomic mass of absorber g mol ! 2 ‘EE fadnne Eu, 1
K 4xNarimec? 0.307075 MeV mol ™! ¢m? .? 105?? N reach 1% | Radiative 3
I mean excitation energy eV (Nota benel!) _',:f E M ¥ ]‘“6 E
0(3v) density effect correction to ionization energy loss g i \1:&1:] ) E i . e fm -7

= l o= Without &
1 | ] | |

Energy loss of heavy Charged partiCleS 0.001 001 0.1 1 10 BY100 1000 10 10°
(except electrons) o

0.1 1 10 100 1 10 100 1 10 100
[MeV/e] [GeV/e] [TeV/e]
Muon momentum

Energy loss generally depends on the velocity of the particle (p)
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PID: dE/dx in CDC | .~ =

p = MBy (M: mass of a particle) §1o
« Different distribution for each particle %
=
- Useful for particle identification 2
1 —

dE/dx measurement in CDC on a given track ™" | .4
CDC

« Calculate a truncated mean from the signals from all sense wires
« Discard lowest 5% and highest 25% of measurements

« Calculate a normalized deviation for each partlcle

dE /dx dE / dxmeas dE / dx; redj o1sf ________ Land?u dlstrllioutlon__»__:
Xi = 7 /‘ N \ - Digeard | ]
pred i~ pred | 01k S S W— o fr— 3
Measured truncated mean 1 Predicted truncated mean : Discard ]
Predicted resolution on Al;w/dx 005 __________________________ ___________________________ e ]
pred (dE/dxprech cos 0 N%#C) ff(dE/dxpred) X fg(COS 0) x f3(Ng%SC) |

06. Al PR S S ....10....15
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| |

1F Belle ll Peoet :[0.3-0.5] GeV/c 1F [ :1[0.5-1.0] GeV/c

CDC likelihood ;=

S “t —MC e .

x; distribution ~ Gaussian
- Form log-likelihoods for the particle S ;e I
hypotheses from the y; oeren mrrrrr B e

2 -§ osk []Data ,g osl

€ I —MC £

cpc X 3 odf S0l

logﬁz - ?7 E 0.4} E" 0.4f

NXof

The discrepancy between data and MC on the high-side tail
is due to imperfectly correcting for gas-gain saturation
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A good separation power between ¢ and m, K for low momentum
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PID in ECL

Use the ratio E/p for PID in the ECL
Energy measured in the ECL

Momentum reconstructed in tracking detector °

§§* Belle Il Simulation

8 —e—u —a —K
16 ; ....e+....‘u+....”+ K+
14 *
12F
10 |

Probability density
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1.0 <p < 7.0GeV/c

e e
0.2 0.4 0.6 0.8
E/p[1/c]

- Templates of the E/p distributions are constructed from single-particle

simulations for each hypothesis

300
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- Extract the likelihoods, £E¢ based on the probability density function

1_PID_LL_e_ecl {I1_mcPDG==-11 &&11_LAB_p > 1.0}

htemp
Entries 3134
Mean 1.033
Std Dev 1.482

log(LEL) (p > 1.0 GeV/c)

fore
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I1_PID_LL e ecl

6000

5000

4000

3000

2000

1000

M_PID_LL_e_ecl {Ii_mcPDG==211 && I1_LAB_p > 1.0}
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htemp

Entries 23543
Mean -2.322
Std Dev 1.147

log(Le“Y) (p > 1
form

IJLA;I L | 1 1 1

) 0 2
I1_PID_LL e_ecl

.0 GeV/c)
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PID iIn KLM

Muon identification is simple: high penetration
 No strong interaction =2 No interaction with hadrons.

« No bremsstrahlung like electrons

- Difference in longitudinal penetration depth and transverse scattering
The KLM likelihoods per hypothesis i; LKLM — prRELL LT

l l

The longitudinal components, X"+ | KLM,T
« Track fit quality y* divided by NDF.

[KIML _ { Dik if matched hit on k-th layer
ik =

1 — pix - € if no matched hit on k-th layer, « The track reconstructed in inner

detectors is extrapolated to KLM
- Represent the shower size

Belle 11
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Pik: Expected probability of finding a hit on k-th layer from simulation
€r: Measured detection efficiency of the layer.

175E 040
e p*(Data,e*e” ~»utuy) « = n*(Data, K¢-n*tn~)
03sf

020} , 4 Due to hadron interaction

pr > 1.5GeV/c| °¥| pr > 1.5 GeV/c
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Combine info in all detectors

Each sub-detector provides a likelihood £¢
. d: {SVD, CDC, TOP, ARICH, ECL, KLM}

e i:{e,u,m,K,p, d}
Eg. LECL: is related to probability(?) that the particle is an electron based on ECL info.

basf2 pidLogLikelihoodValueExpert(pdgCode, detectorList)

returns the log likelihood value of for a specific mass hypothesis and set of detectors.

Based on the likelihoods, we define “the global likelihood ratio”

= Li
Pi Lo+ Ly+Lp+Li+Ly+Lyg L= | £f
d
we also define “the binary likelihood ratio”
_ _Li
pi’j o Li+£j

2023/11/2 14



Global electron ID
electronlD noSVD noTOP:

12_PID_expert_e_wo_svdlop {12_mcPDG==11 & 12_LAB_theta > 0.56 && 12_LAB_theta < 2.22}

I\\HH'

htemp

Mean

Entries  1.997398e+07

0.8801
0.225

e Std Dev

0.8
12_PID_expert_e_wo

12_PID_expert_e_wo_svdiop {12_mcPDG==-321 &8 12 LAB thela > 0.56 && 12_LAB theta < 2.22}

1
)_svdtop

htemp

TTT

Entries

Mean
Std D

8725096
0.1338
ev  0.2239
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0.8 1
12_PID_expert_e_wo_svdtop

Pe

Le

d: {CDC, ARICH, ECL, KLM}

Lo+Ly+Loy+Lg+Ly+Ly

12_PID_expert_e_wo_svdlop {2 mcPDG==13 && 2_LAB theta > 0.56 && 12 LAB theta < 2.22}

12_PID_expert_e_wo_swdtop {I2_mcPDG==211 & 12_LAB_theta > 0.56 && 12_LAB._theta < 2.22}

_ htemp htemp
C Entries  2.249094e+07 [ Entries 1.8889e+07
Mean 0.007045 - Mean 0.01679
Std Dev 0.04555 Std Dev 0.0762
‘ 10°
E L
0 0.2 0.4 0 1 L

0.8
12_PID_expert_e_wo_svdtop

0.8 1
12_PID_expert_e_wo_svdtop
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Global electron ID

electronlD_noSVD noTOP: d: {CDC, ARICH, ECL, KLM}

deD

L
Pe = - L= nLid
Lo+Ly+Ln+Ly+Ly+Lq )

12_PID_expert_e_wo_svdlop {I2_mcPDG==11 8& 12_LAB_thela > 0.56 5& 12_LAB_theta < 2.22} 12_PID_expert_e_wo_svdiop {12 mcPDG==13 &8 12_LAB_fheta > 0.56 && 12_LAB_theta < 2.22} 12_PID_expert_e_wo_svdlop {12_mcPDG==-211 8& 12 LAB thela > 0.56 && 12_LAB theta < 2.22}
_ htemp htemp
L Entries 22490942407 L Entries  1.8889e407
107 — htemp W Mean 0.007046 . Mean 0.01679
E Enries 19973962407 Std Dev 0.04555 10 Std Dev 0.0762
E Mean 0.8801 X
- e Std Dev 0.225 7T
6
- 10 ‘[ l
10°
10° E C E
C 10° = . L
N E 10° =
10* = r
5 E
10 E 10* =
10° L
L E . 10°
P IR T SR RN S N P L L 0 0.2 0.4 0.6 0.8 1 E L
0 0.2 0.4 0 0.8 1 12_PID_expert_e_wo_svdtop 0 0.2 0.4 0.6 0.8 1
12_PID_expert_e_wo_svdtop 19_PID_expert_e_wo_svdtop
12_PID_expert_e_wo_svdiop {12_mcPDG==-321 && 12_LAB_thela > 0.56 && 12_LAB_theta < 2.22} -
htemp F n n B e I I e I I

TTT

Entries 8725096
Mean 0.1338
Sid Dev  0.2239

T
—
o

S
£y

ST

Normalised dE/dx

I T I S S |

0.2 0.4

0.8 1
12_PID_expert_e_wo_svdtop

Difficult to distinguish electrons from pions/kaons =7 o e

2023/11/2 107 1 16
p [GeV/c]
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Global muon ID

. d: {CDC, TOP,ARICH, ECL, KLM}
muonID_noSVD: . i
U

— Li:ﬂL-d
Pu LotLy+Lp+Lyg+Ly+Lyg A

2_PID_expert_mu_wo_svd (I2_mcPDGes11 44 12_LAB_p>0.7 & 12 LAB_theta > 0.81 && [2_LAB theta <2.13} 12_PID_expert_mu_wo_svd (12_mcPDGe«13 84 12 LAB p> 0.7 & 12_LAB_theta » 0.81 && [2_LAB_theta < 2.13) 12_PID_expert_mu_wo_svd (12_mcPDGe=-211 44 12_LAB_p>0.7 & 12_LAB_theta ~ 0.81 && [2_LAB_theta < 2.13)
htemp htemp
Entries 2358141 C Fiem Entries 2108610
a Mean  0.001001 L - 2?381720 10° Mean 0.2037
10 StdDev  0.0238 Entries StdDev 03195
s Mean 0.9196
e 107 Std Dev 023 7-[
10° E H
10°*
10° =
107 E
10 = ) — .
0 0.2 0.4 0 0.8 1 o o e Ly 1 1 0 0.2 0.4 0.6 0.8 1
12_PID_expert_mu_wo_svd 0 0.2 0.4 0.6 0.8 1 12_PID_expert_mu_wo_svd
12_PID_expert_mu_wo_svd
12_PID_expert_mu_wo_svd (I2_mcPDGe=-321 84 12_LAB_p > 0.7 & 12_LAB_theta » 0.81 && I2_LAS_theta < 2.13}
htemp
5 Entries 1117903
10 Mean  0.01675

’( Std Dev  0.1034

0.8 1
12_PID_expert_mu_wo_svd
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Binary lepton ID

Binary electronlD_noSVD_noTOP: (DG, ARIGH, BCL KL

Le
= L. = Ld
Pe Lo+L, : l l !

1D_binary_wo_svdtop {12_mcPDG== 56 LAl ) inary_wo_svdtop {I2_mcPDG==-211 LA LAB
= htemp
= htemp = 1.8888460+0
5 Eniies  1.9973980+07 - 0.0269
we  Men oy wege oo |suDw 0.104
F | sdDe
Gl
10 e 10" 5
10° 107 =
- 10
C . | | | | L
0 0

0.6 0.8 1 0.6 0.8 1
12_PID_eID_binary_wo_svdtop ’ 12_PI D_ei D_binary_wo_svdtop

Binary muonlID_noSVD:

Pu = Ly+Ly
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Multivariate approach
PID group provides BDT-based Lepton ID

« Use some ECL observables instead of ECL likelihood

- Improve performance at p < 1.0 GeV/c by exploiting measurements that
characterize ECL clusters

—o1

Variable Description Range 6 ) ] .
Associated to the ECL clusters Belle Il Simulation L e:
E/p ] Ratio of cluster energy over matching - >F [I—
track momentum. — oaf — n*
E,\/Ey Ratio of the energy of the most energetic crystal - = K*
over the energy sum of the 9 surrounding crystals. - S3f
Ey/Ey Ratio of the energy sum of 9 crystals surrounding - o F
the one with maximum energy over the energy sum -
of the 25 surrounding crystals, minus 4 corners. - 1f
AL [cm] Projection on the extrapolated track direction - . k—‘Tr"_‘_::k -
of the distance between the track entry point - %2 03 04 05 06 07 08 09 10
in the ECL and the cluster centroid [19]. - E1/Eq
LAT Lateral moment of the electromagnetic shower [20]. —
| Z | 2 Zernike moments ((n,m) € {(4,0), (5,1)} - 0.14f .
calculated in a plane orthogonal - 012 Belle Il Simulation (— e:
to the shower direction [21]. - [ — e
Associated to the non-ECL likelihoods (binary BDT) - 010 [—
Alog L({/m)cpc  Log-likelihood ¢ — & difference in the CDC — £ 008f K=
Alog L(¢/7)ToP Log-likelihood ¢ — 7 difference in the TOP Barrel o 0.06 1
Alog L(¢/m)aricu  Log-likelihood ¢ — 7 difference in the ARICH FWD endcap o -
Alog L(p/m)ktm  Log-likelihood £ — 7 difference in the KLM p> 0.6 GeV/c 0041
Associated to the non-ECL likelihoods (multiclass BDT) 0.02f qujqaﬁ\
pFpe Global normalised likelihood in the CDC. — 0.00 & ‘
pfor Global normalised likelihood in the TOP. Barrel 730 720 71000 Alz [ 20] 3040 50 60
PARICH Global normalised likelihood in the ARICH. FWD endcap cm
PRIM Global normalised likelihood in the KLM. p> 0.6 GeV/c
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BDT LID: Performance

BDT Lepton ID gives better performance

Electron ID: excellent improvement by utilizing ECL observables

- Now, PID official recommendation is to use BDT-based electronID

10° 4

-
o
1

=

pion efficiency
[
2

=
o
b

104

e/n

MC15:9BDT.r5 0.99535
~ MC15:gBDT.r6 0.99593

0.2 =p[GeV]<5.0,17.0 <6° <150.0

+=+ MC15:elD_noSVD_noTOP 0.98316
—— MC15:elD_noTOP 0.98424

0.5 0.6

2023/11/2

0.7 0.8
electron efficiency

0.9

1.0

pion efficiency

10°

101 3

1072 3

1 +++++ MC15:muoniD_noSVD 0.98668
— MC15:muoniD 0.98669

] —— MC15:gBDT.ré 0.97872

1.0 =p[GeV]<5.0,322<6°<128.7

wu/m, p > 1.0GeV, BARREL

MC15:9BDT.r5 0.97973

0.5

0.6 0.7 0.8 0.9 1.0
muon efficiency

20



2023/1

LID efficiency calibration

1/2



LID efficiency correction

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

« Reconstruction efficiency could be different from the data
(MC simulation is not perfect..)

- Essential to correct the difference for a precious measurement

Example. Apply a Lepton ID weight, w(p, 6, q) to MC
N saaee I S A
8 1% Data rooo [RESTERETETES Data
S WW 6000 p 1
e o ws  MC . MC
;C; 6000 ¢ ‘ﬁw“. ] ’gauoo-

- 4000 p 4 ‘53000.
GVL_ 2000 f ‘
e .  —
0 0
_ 5 ' 2.5 v
£° R éooiiii%{%%{i!{}%i
12 14 1.6 18 20 22 24 =25

12 14 16 18 2.0 22 24

Muon momentum [GeV]
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Calibration channel

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

2023/11/2 23



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
2023/11/2 24



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 YN VA 25

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 """""""" -
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& s0f & 3 Probe selection
S 6o0f 4
% 400; é e e e e eID > 0-9
O 200; E \ ’ \ l
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§ 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
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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 §
a . oa o .
- — - _O_ —
0.6[— — 0.6 ol —
i ] A ]
0.4 _— —_ 0.4 _— __
L oData i L ¢Data .
N ®MCri - - ®MCri -
o2l Belle Il I Ldt = 364 b gptr O®MCrd 7 o2l Bellell I Ldt = 364 b ®MCrd ]
B _ 4 Uncertainty: i B _ Uncertainty: i
- 0.56 < 9,-|< 2.23, elelctronID > 0|.9, Q=-1 stat @ syst - - 0.82< 9,-|< 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, [GeVic]

« 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

1012

« Large events across full momentum range

« High momentum: ee — ee
106
104}

« Low momentum: ee — eey

107

Candidates / (0.30 GeV/c)

Event selection

10°

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

1010 L

108 L

Belle II

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

- Require the recoil mass M7, ,; to suppress backgrounds

Tag-and-probe method

Ptag+probe Nprobe—Hag . Nprobe—l—tag
€data — EMC — —
Ptag Ntag Ntag

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

JLdt=1891b 1 1 ee

¢ data |

Bl tT
| other

p [GeV/c]

6 Used in the
trigger
6 Used for

the LID eff

6 Tag selection

Probe selection

In this B2GM, Phillip reported a recent progress in this channel.

Please check his slide [Link]

2023/11/2
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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
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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

2023/11/2

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
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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
« 7 v (3-prong) and 7 - £vv (1-prong)

Ve
3prong \ + <:
« 98% of 3-prong tracks: pions (High purity) /
et >/
Event selection S
P g \\\ 1 prong
- Take 1+3 charged track events e (O
« Suppress backgrounds: Thrust, visible energy..
... BKg subtraction
14
€ Nprobe .-' NPTObe N, robe
data — b bk EMC —
s g i
N tag = N tag N tag
g 6€1[0.82,2.22] muonlID_noSVD, FixedThresh05 (+-)
vo359€[0'56'2'23] pidChargedBDTScore_e, FixedThresh05 (+-) 0.30 1 qara
0.030f 1 i data | 025 ' * +mMc
52:) 0.015 % 0:10
@ 9010} . I f
0.005 ) ¥ 1 0.05 .
s j, g 1.00 [
gf REEE . . ! | I gojsi vt f f i ; ! i
2023/11/2 -Ooo 1 2 3 4 5 © 0 1 2 3 4 5 31

momentum [GeV/c] momentum [GeV/c]



+ 4 0 — et 1t

D** - D°[-» K " |m™ channel
« Measure kaon-to-lepton misidentification probabilities

« D** mesons are produced in ete™ - ¢¢ continuum events

« Use all the data (on- and off-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
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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
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TS 9o/ 7 7 I
o p Z 7 O o5 e h

N % 7% o R )
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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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esults: electron ID
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(d) e~, BDT-based LID.
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Results: muon ID
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Combination: electron ID

Data/MC

14 [ Bellent JLdt= 364171, pogt pata/MC eto- o pte—ate— | Belle Il [Ldt= 364 fb™ Best Data/MC ete- »ete—ata-
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Q [ (0-56 =81 < 2.23 rad) O O 1] (056 =6m<223rad)
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« Similar corrections in three calibration channels - High reliability
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Combination: muonlD

Data/MC
(u~ ID efficiency)
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Similar corrections in three calibration channels = High reliability
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Combination: electron ID
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« Calculate corrections and uncertainties in bins of (p, 9, q)
PZCEmparable to or better than those at Belle
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Combination: muonlD

Jw-utu~, ete" seteutuT, ete  oututy
ut efficiency - Data/MC - muonID_noSVD (FixedThresh09), incl. iso_score
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PID recommendation

Kenta Uno <kenta.uno@kek.jp> 6H26H(B)16:52 Yy “ :
To coll-members, physics, physics-performance, Kenta, Alessandro v

Dear all,
We are very happy to announce new PID corrections for run-dependent MC (MC15rd).

Hadron ID correction, Lepton ID fake rate correction

Systematics Framework (SF) ntuples for D*, Lambda0 and KS samples are now available to the users.

You can estimate efficiency corrections depending on your PID criteria. This time, it is possible to estimate not only hadron ID but also fake rates (pion/kaon to lepton fake rates).
Please check the documentation page for the location of the ntuples.

https://syscorrfw.readthedocs.io/en/latest/

kekcc: /group/belle2/dataprod/Systematics/production/

naf: /nfs/dust/belle2/group/dataprod/Systematics/production/

You can also check Ale's slide at B2GM nagoya: https://indico.belle2.org/event/8946/contributions/61650/attachments/22724/33548/B2GM_PID_ale 0605.pdf

Lepton ID efficiency correction

The SF ntuples are not fully validated yet. Instead, we prepared usual csv tables on kekcc:
/group/belle2/users2022/unok/leptonid/combination/perf/PID/methods/LP2023/proc13prompt/MC15rd/v0
All details are collected here: https://confluence.desy.de/pages/viewpage.action?pageld=311564730
You can extract corrections from the csv files.

Let me remind you of the PID recommendation:

Electron ID: We recommend using the BDT-based electron ID because it provides much lower fake rates than likelihood-based electron ID for equivalent efficiency and smaller
uncertainty on the data/MC corrections.

Muon ID: We recommend using likelihood-based muonID (muonID_noSVD).

Hadron ID: The default likelihood based variables (global or binary, depending on your needs) are recommended. The reweighted PID and DNN PID variables can be used, but they
require some care: check that the performance is better that the default variables. Your feedback is very welcome.

Many thanks to Ale, Paolo, Paul, Philipp, Sviat for your effort.
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Some LID topics to keep in mind
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(1) LID vs beam background

Observe a degradation of LID efficiency due to beam background

5-10% degradation of elD efficiency
10-15% degradation of elD efflc:lency

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

ECL: pedestal shift

KLM: multi-strip-hit?

BDT-base elD

—_
o

o

ca/ea\_L
T T A T ST

Electron efficiency

©
»

o
[S)

E ‘Bellell

i
‘electron

! ! 0.5 Gelic<p10GeVie ! : '
ID>09, Q= 1

o
LI

I I
[0,2] [2,4] [4,6] [6,8 [8,10] [10,12] [12, 14] [14, 16] [16, 18] [18, 20]

time since injection [ms]

Expect larger beam background as the peak luminosity increases
- We cannot avoid such a degradation for the LID variables.
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(1) Beam injection
elD efficiency in ee —» eeee channel

« 04<p<0.5GeV/c, ECL barrel (6 € [0.56,2.23])
Likelihood-base elD BDT-base elD
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« Large efficiency drop due to the degradation of dE/dx info.

« CDC likelihood is affected by the injection backgrounds
- BDT-base elD is more robust against the injection backgrounds
- Utilize ECL information in BDT-base elD
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(1) m - e fake: beam injection

m — e fake ratio in ee » 7t channel (r -» v decay)
p € [0.2,1.5] GeV, @ € [0.56,2.23] p € [1.5,5.0] GeV, 8 € [0.56,2.23]

idChargedBDTScore_e, FixedThresh09 (+- pidChargedBDTScore_g, FixedThresh09 (+-)
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Small fake ratio ~10 ms after injections

« Observe the shift to lower values of dE/dx

- Pions are more unlikely to fake electrons
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(2) ulD effect due to KLM BBZ

KLM BBZ2 issue

Plane Efficiency in BKLM

/”l

Efficiency drop from e18
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https://software.belle2.org/sphinx/light-2212-foldex/analysis/doc/Variables.html?highlight=helixexttheta

(2) Effect in high p region

1.0<p<1.5GeV/c
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(Almost) no impact on ulD efficiency at p > 1.5 GeV/c
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(3) Event multiplicity

Track isolation study

« PID effect due to particles in the vicinity of a candidate track

- Compute the distance from the nearest particle (at cylindrical surfaces)
« Define “isolation score” based on the distances
- Already implemented in basf2 Jie

10?2 T T T
— Low isolation score .
— . . . i
e isolated partictes. o H|gh isolation score :

minET2ETIsoScoreAsWeightedAvg (referenceListName,

useHighestProbMassForExt, detectorList) 100
Returns a particle's isolation score s based on the weighted average:

thresh

N lavers D
det det
Zdet Z,‘ Wet - d;
- N onst: :parseDetectors
Z Wet g

where d; is the distance to the closest neighbour at the i-th layer of the given detector (c.f.,

.01

” -2 !
minET2ETDist), N;:': % is the number of layers of the detector, D" is a threshold length 0 0.0 012 014 0j6 018 10
related to the detector’s granularity defined in the TrackIsoCalculator module, and wget are muonID noSVD
(negative) weights associated to the detector’s impact on PID for this particle type, read from a

CDB payload.

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

Slightly improve the discrepancy b.t.w high- and low-multiplicity samples
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(4) PID with 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 )
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Examples of images for different particle species.
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S u m m a ry Sorry, there are many topics | couldn’t cover

Please let me (+Ale, Stefan) know if you have questions
Lepton ID is an important item for several analysis

Lepton ID performance

« |dentify “electron” and “muon” by exploiting all the detectors!
« Utilize Machine Learning technique to improve the performance
Lepton ID calibration

« Provide efficiency/fake rate corrections in bins of (p, 6, q)

« A better data/MC agreement applying corrections in several analysis

Lepton ID development

« Many topics (eg. ML-based PID) are ongoing!

HYMESTETVELE
BTW, this is my last presentation as PID convener.

Thank you very much for your cooperation!
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SVD I i ke I i h O O d i SS u e C.Lemettais, S.Xavior, A.Gaz

electroniD noTOP > 0.9 electronlD noSVD noTOP > 0.9
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« p> 2.0 GeV/c: Distortion in the MC simulation
Problem in uploading the payloads for electron hypothesis

« The SVD likelihood is defined only up to 2 GeV/c in the MC

(other particle hypotheses: up to ~ 5 GeV/c) A0°

log(£L5"P(e))

100f

- MCI5ri proc13+b D a't a p(r) > 2.0 GeVle
0.8 ® proc13_chunk2

MCI15 o7 ] Data MC  —w=
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” Wrongly good 1 /e
02 separation in MC
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PID effect due to SVD likelihood

Electron ID

« Biggest effects are expected
- Exclude SVD (and TOP) info

Hadron ID

This problem affects only the MC

_ ()
Pe (LopLytLatLly+Llp+Lla

Ln

Pr _Lﬂ+£n+LK+£p+Ld

« Problem appears at the denominator

- Small effects are expected, so keep SVD info
% small effect for muon ID, but we exclude SVD info (to be consistent with elD)
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2023/11/2 Discussion with SVD experts is ongoing
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