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Introduction
n if energy frontier, flavor physics is important!

e.g. Higgs— bb, cc, gg: separation with jet flavor is crucial

e have to realize extensive efficiency for all the analysis
mponents and tools

ID is one of the good tools which make higher level reconstruction
ools better

PID itself (will) help analyses in many cases
* eg.ete” - xixi = XIXI+SM

® Higgsino with mass difference degenerate

Mass
LSP SM particles |L‘QP SM particles

é
LSP

ve to construct a PID tool and to explore the possibility of
sics results




ILC project and ILD

b/ International Linear Collider
- The Higgs & top factory at v/s= 250-500 GeV
(upgradable to multi-TeV).
- Linac e*e” ~ 12+11 km for 500 GeV

o International Large Detector |

- The main tracker is the Time Projection Chamber (TPC) O e

. VI Gy

- Large number of measured points & 4
— continuous tracking

— track separation and pattern recognition

=Racticle identification
owmaterial budget before the calorimeters




Ré@uirements of the TPC for t_H ILD

¥

ofRequirements of the TPC from / M
the physics point of views n /
[1] Momentum resolution

opt/pt ~ 1x104 pt [GeV]

[ 2] Single hit resolution (200 points)
Or¢p <100 [um] (overthe TPC)

0z < 400 ~ 1400 [um] (Z=0 ~ full)
End plate

[ 3] dE/dx resolution : ~5% Readout m

for particle identification 1 ~ 10 GeV

O MicroPattern Gaseous Detectors:

Trad\.
« No ExB effect \‘

Ed, B
« Improve ] § -
point resolution %/

ion back-flow- o

Germany/Asia: GEM

ufacture + Thin support structures \ T



Calculation of track dE/dx

energy deposit
flight path in the hit(TPC)

k dE/dx is calculated using truncation method
Arrange dE/dx value of each hit in descending order

Upper 30% and lower 8% are discarded take mean over rest

oing to good gaussian shape

Higg = Coupling Analysiz T ndi 118.3 /24 PID Analysis
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dE/dx of ILD TPC

PID Analysis

ILD Preliminary ILD Preliminary
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Momentum dependence of dE/dx in ILDTPC

® Good separation for each particle type

Separation power of each particle

30 for 11/K separation



Calorimeters
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® To obtain maximum performance
0.1 . .
from particle flow reconstruction
I Rk o e : ~
o5l b Ecal: ~3o0layers, cellsize 10
[ | 20mm?
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Sh Wergrof(;

er shapes in the calorimetér are
ron/photon/muon/hadrons

!gerent between

rmation extraction is based on fitting to cluster hits:

Well-known EM shower profile
(C(X=%10))" " - EXP(=C(X = X;0)) - eXP(=0lx)
I'(b)

addition, hit based variable is also used(to identify shower start)

F(x,%)=ac

® To identify shower start position

® To create variables for low momentum p/m separation

Shower profile distributions(examble) 30 T e

B ILD Preliminary Hisgs Coupling Anlyss (V.X{,t DrgnFZ./.gé)
Isolated electron Eu_s Isolated electron
Fakes(Hadron tracks) EM Fakes(Hadron tracks)

;
Longitudinal - Transverse
Shower max. "2l Absorption length
01
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Construct PID

nstruct PID to identify 5 fundamental particles
eI P’I T[I |<I p
ased on Bayesian Classification

® Estimate posterior probability:

P(x|C)-P(C
P(C|x) = <xL(>x)<>

Combine information from each sub-detector

® Basic variables: Calorimetry and Tracking (E/p, Ecal/(Ecal+Hcal), mucal, etc.)
® dE/dx information

® Shower profile information

® Include special p/mt separation algorithm for low momentum tracks

® p<2.0GeV/c p/mtracks

Use cluster hits distribution

d on BDT using TMVA =
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PID Analysis

LeptonID
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® Both leptons can be identified well

® >99% efficiency for electron @ p>1.0GeV/c

® >98% efficiency for muon @p>3.0GeV/c
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/Tt separation

PID Analysis .. PID Analysis ..
ILD Preliminary ILD Preliminary
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® Good pion suppression @ p>5.0GeV/c
® Pion mis-ID is ~1.0%

mis-iD efficiency is <2.6% @ p>3.0GeV/c
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Charged hadrons(Kaon ID)

PID Analysis PID Analysis

ILD Preliminary Rr ILD Preliminary
g '0.9 = |
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" K p Truth 1
Good Kaon ID for physics analysis —
improvement o —
® talk about that later o4
entum & angle dependence looks Kaon 1D
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neutrals

Recover photon energy in Hcal
Remove fragments
® Separation of very nearby photons

¢ Etc.

Pandora PFA has made such efforts

d photon reconstruction is important

re are some difficulties to be resolved:

(n) and t reconstruction is based on photon reconstruction

Boruo Xu
500GeV, 500GeV photons

Before improvement

Average Number of Photons
w

® Good separation of both photons

X 38
nearby = .
Going to better jet energy g 34
E 3.2

ﬁ—.
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mO)
= 28

2040 80 80 100
MC distance separation /mm

Pandora pre v02-00-00
Latest improvement

=500 300 @00 500
E,/ GeV



Applications for Physics
Analyses

N



Towards higher level reconstruction
rything is related with each other

Jet property

Jet flavor

L Vertex mass recovery Mass constraint fit Vertex Charge J
L PID Pio finder }
4 )

dE/dx Shower profile (TOF)

Particle Flow Algorithm
\ )

truct each jet as correct as possible is one of the most
task for ILC physics analyses
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Vertex charge measurement

ward-backward asymmetry of 37 generation quark
duction is sensitive to new physics

eed to identify b-jet charge for A;, measurement

e can use Kaon coming from secondary/tertiary vertices to

etermine b-jet charge! SHESRI

Measurement Fit éo""“-o"y,o""”
1 y
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Kaon ID for Afb measurement

dE/dx information

Selecting Kaon region on momentum dependence

Kaon can be selected g97% purity with 87% efficiency @p>3GeV

oose vertices using Kaon status "
S. Blokin
® Vertices on which Kaons carry the charge arXIV: 1709:04289

accepted
° KK, KKK*OK
® K*K:rejected
Events with opposite Kaon

charge bjets accepted




econstruction improvement using Particle
ID

th particle-flow based jet reconstruction, we have to tackle to
construct as well as possible each jet

sing particle ID, we can apply mass constraint fit to improve jet
nergy resolution

® Both neutral and charged particles possible G. Wilson

n° Fitted Energy |

¢ e.g)myy JY—=up

Ny

® One example: m°—yy

® Tested with 10GeV Tm°s
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Flavor Tagging

. . . : B
I-for any kll:]dS of analyses in ILC! et + e — v H — vi(bh)
. iggs coupling T T Femen]
2000 :_ e*+e'—-sﬁHf@»500 Gev i " wh @H) _:
. a : J.L_:S‘{)Ufb : l = 4f_sznu_sl :
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. Q B ,., Bf _yyvilv ]
ling measurement : HE | sis |
: : R i 11000 - .
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__Vertex mass recovery
g pios which escape from vertices

Need to choose good pio candidates —construct pio vertex finder

Key issue —pio kinematics, very collinear to vertex direction

Higgs Coupling Analysis

Higgs Coupling Analysis ZH—ZHH
ZHZHH ILD Preliminary a
@ 0.2 £0.09

s Pio from vertex Shos
E" Pio from primary Eos

ILD Preliminary

K+1t
TI+TT

O 1 il

s T 5 2 25 3
m(Vix) (GeV/c?)

Particle ID is the other key to classify vertices

® Different particle patterns have different vertex mass patterns

| TMVA ining check for - BDTG_findpi0_1vtx_LCFIPlus |
= 0 & H Signal ftest sample) T " ' [ | « Sighal {training sdmple) ' *
. C O n St rU Ct P I O Ve rtex fl n d e r % 35 i Bagckground (tesz slmple) . Bagckgr(ound (t?ainin: s:mple)_:
:z.: 10 FKolmogorov-Smirnov test: signal (background) probability = 0.104 (0.187) _f
using MVA " :
20 _:
Identify which vertex pios are coming from 15 £
10 —i
5
ok -0.8 -0|.6 -OI.4 -OI.Z Al; 0.2 0.l4 06 038
BDTG findpi0 1vtx LCFIPlus response

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%



Effect on vertex mass recovery
ass distributions for each vertex pattern(ntrk)

ifference is coming from mis-pairing of gammas(eff. ~50%) and mis-
ttachment of m°s

rhagn Comping Ansir ILD Preliminary . ILD Preliminary
) 000
jooo 2 tracks E [ 3 tracks
400 . i
| Reconstruction Hooof-
g200 E |
5 ] Perfect Booof-

g2 § &8 8
g £

2 ‘I--""'—-_.___._,_, o _-.*-u—._q__
% 0.5 1 1.5 2 25 3 3.5 4 4.5 5 % 0.5 1 1.5 2 25 3 a5 4.5 L
m(Vix) (GeV/c?) m(Vix) (GeVic?)
Flavor Tag Analysis ILD Preliminary
>.1.1_
ffect on Flavor Tag performance § Better
£ 1~ = = s ssmccmm.
® ZZ7Z7Z events@500GeV ;- \\’
® Compare with ROC curve 5.0
o, b-tagging E
- Nominal
0.6—
- VertexMassRecovery
S S ¥ R T

Signal Efficiency



On going study

N



Timing and Particle flow

timing informati rimeter will have some benefits:

sing timing information at the cell and cluster level to resolve mis-
ssignment of particle energy deposit

Particle TOF for particle ID

od possibility to have better separation of K/t & K/p with
10-100ps) TOF resolution

Suffer from K->p mis-ID using dE/dx for K/p separation

ow momentum p/ttis an interesting new capability which O(1ps) =
_ Time-of-Flight in
OF could address S \ Barrel, R=1.6m, B=41. c0s9=0 ___ Barrel Region
==
: = R
Tracks with p<o0.96GeV/c = TR
e NN N
® EndcapTOF? 10 : S
\\ S ‘\‘"‘M
A\ e~ TE/p (e/p)
4 I\ S K/p
\\: S = /K (e/K)
\‘ftéw G. Wilson
LLTT 24
vo Ll \\\‘_‘-\\\:.
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Particle/photon time difference (ps)

—
o
=

PID for neutrals
Photon: y/mt by TOF will be possible if O(200ps) resolution

OF helps neutral hadron ID

Barrel, R=1.6m, B=4T, cos6=0

350 SRR SN S| U SR W

I IS A S
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| | . trajectory
300 Lmmmfrrbomtp et
i \ @ p/pbar
i | ; *n ]
; | o e
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l\fiumentum (GE‘IH c)

Hadron Calorimetry by TOF. Barrel, R=1.8m, cos68=0
II=§EIIII|JIII|II_JI_JI'IIIII

Energy Resolution (AL/E

2utral hadrons: can help to obtain better resolution by combining
adron TOF and calorimetry

G. Wilson

;-;0.6 TT T T T T T T

1 5 11 4 5
Momentum (GeV/c)
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Summary

n if energy frontier, flavor physics is very important!

It is very important to identify heavy flavor properties
® Jetflavor

® Jetcharge
® Such cases, PID will help for better performance!

® Insome cases, PID is directly used

® e.g. Higgsino study with mass difference degenerate

In ILD, PID is good as a tool which helps those tasks
® Thanks to TPC and high granularity calorimeters!

® We need to construct PID with better efficiency

® Include timing information of calorimeter

se Deep Learning to integrate all the information for better PID efficiency

irectly estimate posterior probability with each particle hypothesis
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