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Why H->bb/cc/gg is
important?

The only known sources of

quarks’ mass

A measurement on the couplings between Higgs and quarks will decode
the origin of mass in great confidence



Current Status

H->bb/cc/gg is expected to be 57%/9%/3% But that’s not an easy task for our
LHC colleges!
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: Direct H->bb measurement
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* Observation of H->bb and VH production

by ATLAS Collaboration, Phys.Lett.B 786 (2018) 59
* Observation of Higgs boson decay to bottom quarks|

by CMS Collaboration, Phys.Rev.Lett (2018) 121801

The H->bb signal strength was measured
_ _ with precision around 20%, consisted
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Direct H->cc measurement: Gluon-gluon fusion Analysis
o Search for the decay of the Higgs boson to e H->7t7in ATLAS
Charm Quarks with the ATLAS Experiment e H->WW in ATLAS
Phys. Rev. Lett (2018), 211802 e H-> 77 in CMS
A 95% CL upper limit set at about e H->yyin CMS Uncertainty of O(10%)

signal strength = 10


https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://journals.aps.org/prl/issues/121/12
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.211802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.072001
https://www.sciencedirect.com/science/article/pii/S0370269318309936
https://cds.cern.ch/record/2668685/files/HIG-18-032-pas.pdf
https://cds.cern.ch/record/2667225/files/HIG-18-029-pas.pdf

H->bb/cc/gg at CEPC
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~ 1 million higgs boson
will be produced, 70% of
them decay hadronically
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e Chin.Phys.C, 43(4): 043002 (2019)

e https://arxiv.org/abs/1905.12903



https://iopscience.iop.org/article/10.1088/1674-1137/43/4/043002
https://arxiv.org/abs/1905.12903

Analysis Strategy

H->bb/cc/gg Selection Flavor components identification

Particles are reconstruct

Flavor template fit with arborPFO algorithm.

Object and Event Jets reconstructed by
Selection Durham algorithm

Flavor tel\'rA“P'at]ft" Hecoll ) eptons from W/Z need to
SRR pass isolation track selection

Dominant Backgrounds include the ZZ/WW events with same final states



Event Selection
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Flavor Tagging and Flavor
template

Flavor tagging performance

0L na L . * 4 categories of events according to

: \ S T the soft-leptons and vertices multiplicity
3 ey ;1| i+ e GBDT with tagging-sensitive variables
S0 * g * method applied to each category
< 1 ¢ background |:q?lo'z— bb background
il - uds background . uds background The performance of FT ensures

: the goal of precision
T il rat; Y B TR L Y e—Y" gl ra;e s 1

| L Processes with different flavor
. qq pair Xq Xg

9 = qq pair + neither is q - x(llxg + (1 - xf?)(l — xé) (qq = bb, cc) Components can be Separated by
template fit




Template-Recolil Mass
Combined Fit

Assuming lepton pair’s recoil mass and jet flavor are independent in signal
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e The shape parameter of recoil mass in signal and dominate background are float in the fit
* Reduce the dependency to the MC prediction

* Effects of systematic uncertainty also considered
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Current Results

Combination of the 4 channels:

Statistic precision of o(ZH)*Br(H->bb/cc/gg) is 0.3% 3.3% and 1.3%

Consistent with the goal expected
in pre-CDR with full simulation samples

Decay mode o(ZH) x BR BR

H — bb 0.28% 0.57%
H — cc 2.2% 2.3%
H — gg 1.6% 1.7%

IIH with 3D fit and systematic uncertainties considered:

Table 2. Uncertainties of H — bb, H — c¢ and H — gg
wtp—H ete H
H—bb | H—»cc | H—gg | H=>bb | H—>cec | H— gg
Statistic Uncertainty 1.1% 10.5% 5.4% 1.6% 14.7% 10.5%
-0.2% +4.1% -0.2% +4.1%
Fixed Background 7.6% 7.6%
& +0.1% | -4.2% C| 401% | -42% ’
. +0.7% +0.4% +0.7% +0.7% +0.4% +0.7%
Event Selection
-0.2% -1.1% -1.7% -0.2% -1.1% -1.7%
. -0.4% +3.7% +0.2% -0.4% +3.7% +0.2%
Flavor Tagging
+0.2% -5.0% -0.7% +0.2% -5.0% -0.7%
Non uniformity <0.1% <0.1%
Combined Systematic Uncertainty +0.7% | +55% | +7.6% | +0.7% | +5.5% | +7.6%
-0.5% -6.6% -7.8% -0.5% -6.6% -7.8%

Analysis with more reliable
approaches. Systematic
uncertainties considered.



What can we learned from the
previous analysis, and in which
way we can move forward?
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Systematic Uncertainty of
Flavor Tagging

A lot of things need to be measured in data, and compare to MC prediction:

Track multiplicity In jets, tracks’ impact parameters, secondary vertex variables,
B/C-likeness, Xg-Xc distributions(correlation of tagging variables)

We don’t have data yet.

We need to demonstrate how well we could measure those variables in data.
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A simple example

To Estimate the systematic of b-tagging in uuH channel

e The uncertainty are directly from the difference in ‘data’ and MC-prediction of
the templates

e Assuming we use ZZ->uu+bb to calibrate the bb-templates, and MC prediction
bias for some systematic uncertainty reason(H->bb should also have such
bias).

e Select a ZZ->uu+qq sample. The purity of sample is 99.6%, with more than 20k
ZZ->uu+bb events.

e Estimate how big a difference between MC and data would be detected, with a limit
in the data statistic uncertainty and the precision of Ry prediction
e Estimate the impact to the branch fraction result with such difference

12



c-jets control sample

b-c jets separation is relatively worse than c-light jet separation

A control sample with low b-jets contamination is required

Semi-leptonic WW sample might be a choice

Selection on WW-> u v+qq events gives high statistic and high

purity control sample

u+qq 7+qQ ZZ->uu+qq Other

Fraction | 97.5% 1.7% 0.43% 0.36%

About half of th-em cohtains é c-jets ,

e tau+qq with tau -> mu decay
fakes to WW-> 1 v+qq, but
they should have similar W
hadronic decay components

e WW semi-leptonic events has
a purity over 99%, and



Correlation of FT on two jets

e We need to tag two jets in a events: the tagging/mis-tagging rate will

be correlated
e Correlation is small (up to a few percent), but need to be considered

to achieve high precision

The correlation of FT are considered in Rp measurement in ALEPH:
e Phys.Lett.B 401(1997) 163
e Phys.Lett.B 401(1997) 150

Think about di-jet sample:  fs: Single Hemisphere Tagged
e fs=Rb& + Rcé&c + (1-Rp-Re)&uas « fq: Both Hemisphere tagged

* fg=Rp&p2 (1+Qp)+ Rc&c? + (1-Ru-Rc)&uas?®  €x: Efficiency for flavor x

. f. fymeasured from data * Qp: Hemispheres Correlation

* Rcfrom other measurement Qo<€p>2 = <Ep2>-<Ep>2

* &, tuds and Qv taken from MC In less symmetric case:
« Work out Rpand &g Qp<C1><E2>=<E1E2>-<€1><E2>
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A better analysis strategy?

Now H->bb/cc/gg are combined as a ‘signal’ unless the template fit was

applied.

e H->bb has the largest fraction, the optimization of event selection might
not so good to the other two channels

e |s it possible to apply explicit analysis for each final states?
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An explicit H->gg analysis

1 - Z by Wang Yan,
" » - | > Lo T - - LiZhao and Li Gexing
z - d .
¢ Image is constructed withthe = = + § Tz 3

energy of all the final state
stable particles in an event.

azimuthal angle ¢ € [—m, 7] and polar angle 6 € [0, 7]

.....................

— hgg - ' =— ' =  conventional
- CNN
L

dense(1) &\o,

maxpool ¥c)
maxpool conv(128) - h w0 1.5f i

L~ maxpool 128 nOt :
L/ maxpool conv(64) conv(128) dense(128) gg \_\‘ /
conv(64)

190 50 80 90

60 70
Each convolutional layer Signal Efficiency (%)
isconsisted of 64 or 128
filters with filter size

3*3 and a RelLU activation.

Each maxpooling layer
performed a 2*2 down—sampling
with a stride length of 2.
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Other topics

e topics in gluon jets:
e FT algorithm trained and calibrated in quark jets

e Need to find a gluon jet sample: bb+gluon?
e Gluon->heavy quark pair need better understand

e Jet clustering

e Better separation for H->qq/gg, H->ww/zz->9ggqgqg and
di-quark events

e Track Isolation

e Track isolation combined with FSR photon recovery, a better
performance in recoil mass spectrum

* Jets paring and jet pair mass resolution

17



Thank Youl



Backup



H->gg conventional results

Simulation
Whizard Js ~250GeV, (Ldt ~ 5ab™
PYTHIA/HERWIG Shower and Hadronization
FASTJET Anti-kt, cone size R = 1.5

U

kinematic cuts and b tagging

: @ Z—ete | Z—putp™ | Z—= 00
E“C?”i??f“es tOf PYTHIA | 2.93% 2.53% 1.04%
1 1
e HERWIG | 2.67% 2.47% 1.82%

(conventional results)
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