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l Motivation

Higgs

Observable HL-LHC projections CEPC precision
My 20 MeV 3 MeV
'y 20% 1.7%
o(ZH) 4.2% 0.26%
B(H — bb) 4.4% 0.14%
B(H — cc) - 2.0%
B(H — gg) - 0.81%
B(H — WW*) 2.8% 0.53%
B(H — ZZ™) 2.9% 4.2%
B(H —» 1t7717) 2.9% 0.42%
B(H — vy) 2.6% 3.0%
B(H — prp™) 8.2% 6.4%
B(H — Z~v) 20% 8.5%
Bupper(H — inv.) 2.5% 0.07%

>90% of ZH events contains jets

Jet Flavor Tagging is critical for revealing fundamental physical processes



Motivation

from previous job

Feature importance(gain)
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the performance not as good as those in ILD

Need to add more variables refer to ILD

ILD paper
https://arxiv.org/abs/1506.08371



https://arxiv.org/abs/1506.08371

l Features

track level features
Number of tracks in a jet
Number of tracks associated to a vertex
track parameters(d0/z0) ...

vertex level features
Number of vertices in a jet
Flight of distance of a vertex ...

number of features:
33 used from ILD
add 7 from ours

*Only the first two vertices information used when using vector-liked features
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l Feature categorize

ild_features: choose the features same as those in ILD paper

features_ild = ["SingleVtxProb", "JetVitxLxyz_0", "JetVixLxyz_1",
"vixlen12","JetVixAngle_0", "JetVixAngle_1", "vixsig_0", "vtxsig_1","vtxsig12", "vixmult",
"Njetvixtrk_0", "Njetvtxtrk_1", "detVixMomenta_0", "JetVixMomenta_1" ,"JetVixMass_0",
"JetVixMass_1", "trk1dOsig", "trk2dOsig", "trk1z0sig", "trk2z0sig", "trk1pt", "trk2pt",

b )

"nelectron”, "nmuon”, "JetTotalVtxMass","allTrackDObprob", "allTrackDOcprob",
"allTrackDOgprob", "allTrackZObprob", "allTrackZO0cprob",

"allTrackZOgprob","allTrackMass", "JetVtxProbablity_0" ,"JetVtxProbablity_1"]

all_features: choose both of ILD features and features added

features_ild +
Njettrk, Njetvtx, Njetvixfrac, JetVixCollinearity, JetVixChi2, JetVixEnergy, JetVixKin



l Jet Tagging Va

Normalized Events

Normalized Events
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The distribution and definition of all variables can be found in the backup



l Vars importance and correlation

Correlatlon Malrlx
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Discriminating vars
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BDT results g
= atU/‘e
ee—>bb ee—>ccC S
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BDT Score BDT Score
Score b_eff c_rej_eff uds_rej_eff Score c_eff b_rej_eff uds_rej_eff
0.30 0.95 0.89 0.98 0.30 0.88 0.91 0.81
0.60 0.90 0.96 0.99 0.60 0.75 0.97 0.88
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l BDT results
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b Tagging efficiency

the c—jet rejection improves by a factor of 17 (5) at a b—tagging efficiency of 0.8 (0.5).

the uds—jet rejection improves by a factor of 7 (2) at a b—tagging efficiency of 0.8 (0.5).



l BDT results
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¢ Tagging efficiency

the b—jet rejection improves by a factor of 4 (15) at a b—tagging efficiency of 0.8 (0.5).

the uds—jet rejection improves by a factor of 8 (7) at a b—tagging efficiency of 0.8 (0.5).
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l Remove the truth lepton PID
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l Truth matching idea

» Reconstructed jet: clustered tracks

e Truth jet: clustered MCP (charged & stable) from yifan
« Match truth jet to reconstructed jet

« Truth vertex: vertex of MCP in matched truth jet

— MCP collection \Clust‘ering

match
| mach 4
) /
) \ \
1
1
1

constituent
truth reconstructed

truth vertex
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l Jet matching performance

* ee—>bb @ 240GeV
 Match jet by AR
* AR and energy match well
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l Jet vars

- AR<04
* N tracks in jet matches well
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l Vertex matching performance

- Criteria: Match vertex by distance (jet AR < 0.4)
* Resolution: ~cm
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l Vertex vars

« dL(reco, truth) < 20mm
 (Good agreement
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l First secondary vertex vars

« dL(reco, truth) < 20mm
« Secondary vertex closest to IP/primary vertex
 Good agreement
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l Lepton ID

« Basic Idea from changhua

chi2_dndx
chi2_tof
Eecal
Ehcal
Rhad

P
theta

l chi2_dnd’

chi? —— output

track

chi2_tof
Eecal’

“e/mu library” ";:}I T EL‘Z%"

the smaller the chi2, the higher the similarity between the reco particle and the records in the library

edm4hep::RecDgdxCollection, RecTofCollection, ReconstructedParticleCollection

still in process
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l Njetvtxfrac
* Jet clustering performed with vertex splitting

10° 10°

after vertex reconstruction cist i
* Some tracks connected 0 N
to the same vertex are
assigned to different i
jets
* Without vertex splitting,
all vertices and s € e, ™ N e s e
corresponding splitting
fraction as BDT inputs e i e
* With vertex splitting, .
after jet-clustering, split i i
those vertices
accordingly, splitting
fraction =1 always
60 0 0 & s o8 10 Ry 02 oa o6

c-tagging Efficiency Charm Efficiency



Thank You !
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Features in ILD
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Features in ILD
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Features in ILD

Normalized Events
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l Features in ILD

09 T T T — T T
7 ee->bb
ogf CEFC Frogress o CEPC Progress g :z:: _
o7l W 1 ee->uulddiss ] 1.0 ] [ ee->uu/ddiss |
2 | o | |
506 2 sl
0 o 08
5 05 — - -
2 = 3 06
S04 N
[\ = |
£ £
5 0.3F 5 04t — |-
z |
0.2f = < ||
01 i 0.2}
3 =8 2 0 . . e e
°%5700 25 50 75 100 125 150 175 00555 55 50 75 100 125 180 175
Netvixtrk_0 Njetvixtrk_1
vtxmultl
found)
vtxmult2
vertex is less than two)
vtxmult

Normalized Events

0.40 — — —— —
CEPC Progress [ ee->bh (99.18% in range)
0.35F ] [ ee->cc (99.95% in range)

[ ee->uu/ddfss (99.92% in range)
0.30F ]
0.25F
0.20F ]

0.15 -

010}

0.05} wll Ww&

0.00 5~ 0 5 10 15 20 25
vixmult

number of tracks included in the first vertex (zero if no vertex is

number of tracks included in the second vertex (zero if number of

number of tracks which are used to form secondary vertices
(summed for all vertices)

27



Features in ILD
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Features in ILD
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Features in ILD
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vtxprob vertex probability; for multiple vertices, the probability P is com-
puted as 1-P = (1-P1)(1-P2)...(1-PN)



Features in ILD
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l Features in ILD

100;""|""|'"'|""|""|""|""; 100:""|""|""|""|""|""|"
- CEP rogress 1 ee->bb (99.94% in range) | CEPC_Progress 1 ee->bb (99.95% in range)
[ ee->cc (99.93% in range) ] [ [ ee->cc (99.94% in range)
10-1L 1 ee->uu/dd/ss (99.74% in range) | i o 1 ee->uu/dd/ss (99.67% inrange) 1
E ] E 10—1_ =)
c c
@ @
L 1072 T
®) ®) il |
I 10
© 103} 1] ®©
£ 10 -
] ]
= 10_4 - = 10—3 E 2
10—5.. Col e e e e ey e by 10—4‘-1-||||
-5 0 9 10 15 20 25 30 -5 0 9 10 15 20 25 30
trk1pt [GeV/c] trk2pt [GeV/c]
trklpt transverse momentum of track with highest d0 significance

trk2pt transverse momentum of track with second highest d0 significance



Normalized Events

Features in ILD
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P allTrackDOcprob allTrackDOgprob
dObprob product of b-quark probabilities of d0 values for all tracks, using
b/c/q dO distributions
dOcprob product of c-quark probabilities of d0 values for all tracks, using
b/c/q d0 distributions
dOgprob product of g-quark probabilities of d0 values for all tracks, using

b/c/a d0 distributions
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Features in ILD
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allTrackZObprob allTrackZOcprob allTrackZ0qgprob
z0bprob product of b-quark probabilities of z0 values for all tracks, using
b/¢/q 20 distributions
z0cprob product of c-quark probabilities of z0 values for all tracks, using
b/c/q z0 distributions
z0qprob product of g-quark probabilities of z0 values for all tracks, using

b/c/q z0 distributions
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Features in ILD
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l Features added

Normalized Events
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Normalized Events

0.00

Njettrk: the number of tracks in the jet
Njetvix: the number of secondary vertexes in the jet
Njetvtxfrac: the fraction of a given secondary vertex’s tracks that fall within that jet’s region.

Njetvix
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Njetvixfrac
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Features added
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Normalized Events
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JetVixCollinearity: Collinearity between the secondary vertex position and
the sum of momenta of associated tracks

JetVixChi2: the x2 of the secondary vertices
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Features added
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JetVixEnergy [GeV]

JetVtxEnergy: the sum of the tracks’ energy from the secondary vertex
JetVitxKin: the dot product of the tracks’ momentum with the secondary

vertex displacement vector.
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