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Status

« To evaluate sensitivity of Higgs hadronic decay BR in jet-level
(JOI) and compare with our previous result in event-level

e Measurements of decay branching fractions of the Higgs boson to hadronic final
states at the CEPC with luminosity of 21.6 ab™?!

e Using Z(uu)H signal samples and two-fermion and four-fermion background
samples

e Compare sensitivity of BR of H — bb/cc/gg/ss
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Event selection ()

At least two muons with opposite charge. (muon ID @ BEST WP and E > 10 GeV)

> Choose the muon pair closest to the Z boson mass.
|c059 ut M—| < 0.996: to further reduce the two-fermion backgrounds.
Ncharged > 7: to reduce the backgrounds.

M, in Z-mass window [75 GeV, 105 GeV].

. . ) —.-.% )
Mﬁﬁcml in H-mass window [120 GeV, 140 GeV]. M;‘ifoﬂ = \/(\/E —E,+ —E,-)?— (Py+ + P,-)?

The cutflow selection efficiency

Process bb cc gg ww* ZZ* 3 (ZZ)
Muon pair 96.9% 96.7% 96.7% 96.7% 96.7% 96.6% 21.1%
Isolation 90.3% 90.3% 90.5% 904% 90.7% 90.5% 19.7%
| cos 9M| <0.996 90.0% 90.0% 90.2% 90.1% 90.4% 90.1%  3.0%
Niracks >7 90.0% 90.0% 90.2% 90.1% 90.4% 90.1% 3.0%

Z mass window  86.4% 864% 86.5% 86.4% 86.7% 86.5% 1.4%
H mass window  82.4% 823% 82.5% 82.49% 82.8% 82.4% 0.7%

» For event-level classification using ParticleTransformer



Event selection (ll)

Require 2 jets to have the same flavor. (JOI (@ BEST WP)

> After removing two muons from Z, use eek, algorithm to reconstruct 2 jets

H — bb selection:

Process H—->bb H->cc H-gg H->ZZ* H-WW* H-ss (Z2)

Rel. Eff. 87.2% 0.1% 0.8% 17.9% 0.0% 0.0% 17.0%

H — cc selection:

Process H—-bb H—-cc H-gg H->ZZ* H-WW* H-ss (Z2)q

Rel. Eft. 0.1% 67.1% 0.8% 8.8% 4.1% 0.1% 11.9%

H - gg selection:

Processs H—->bb H->cc H-gg H-ZZ* H-WW* H-ss (ZZ)q

Rel. Eff. 1.3% 1.2% 40.5% 10.6% 14.1% 2.9% 1.7%

H — ss selection:

Process H—-bb H-occ H-ogg H->ZZ* H->WW* H-ss (ZZ)4

Rel. Eft. 0.0% 0.2% 1.8% 3.5% 1.6% 31.7% 8.3%

» For jet-level classification using JOI at BEST WP



Statistical uncertainty

Events/0.05

Events/0.05

= e 2 1 # Use toyMC method, matrix method,
3 - ss012 3 least square fit and gaussian fit to
E - 3 estimate statistical uncertainties
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> (ToyMC method) Samphng for 40k times accordlng to Poisson distribution (SM
BRs), efficiency matrix (M) and Multinomial distribution (M-) to get ng and n,,

> Minimize y? = Z;_, Fimn) "‘) to get BRs of signals (in which 6 (H - WW™*/ZZ™)

and 0((ZZ)q;) are ﬁxed to SM values)

» Fit with gaussian function
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Comparison of results

< Results of the measured Higgs branching fractions with relative
statistical and systematic uncertainties:

> With ParticleTransformer in event level
Sig H-bb H-cc H->gg H-ZZ* H->WW* H-ss

Branching fraction 57.7%  2.91% 8.57% 2.64% 21.5% 44 x 1074

Rel. Stat. Un. 0.3% 2.2% 1.3% 7.6% 1.1% 93.5%

» With JOI BEST WP and double jet-tagging method (qq/qq/qq/99)
Sig H-bb H-cc H->gg H-ZZ* H->WW* H-ss

Branching fraction 57.7%  2.91% 8.57% / / 4.4 x107*

Rel. Stat. Un. 0.3% 4.5% 2.1% / / 471.7%

» With JOI BEST WP and single jet-tagging method (q/q/g for jet with max pr)

Sig H-bb H-occ H-ogg H->ZZ* H-WW* H-ss
Branching fraction  57.7%  291%  8.57% / / 44 x107*
Rel. Stat. Un. 0.3% 5.1% 2.3% / / 452.8%
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Back up

Eff.=
Ntruth
'y = S
Pty =518
vS+B 1

Rel.Stat.Un.=

S VEff X purity X Nepyen

purity un.
purity un.
purity un.
purit
» eff*purity estimations compatible with our ToyMC method
» Not consider correlations
» ParT vs JOI double/single tagged

Process H-bb H-cc H-gg H->ZZ* H->WW* H-ss (ZZ) 4

Theo. N 84376 4255 12532 1887 14287 64 12020184

Simu. N 495000 494500 371500 497250 497000 494250 11801264
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ParT event level

True process

CEPC Ref-TDR Zoutu~,H-qd, Vs = 240GeV CEPC Ref-TDR Zoputu—,H-qgd, Vs = 240GeV

1.32% 1.71% 3.74% 0.05% 0.02% 0.26% 20.29% 11.14%  48.32% 0.35% 1.02% 0.23%

Hbb 92.90% Hbb 99.53%

Hce 1.96% 3.33% 3.60% 0.48% Hce 1.28% 1.18% 9.27% 0.02%
Hgg - 77.40% 5.95% 7.79% 0.20% Hgg | LRV 8.15% 6.23% [EERERE 0.03%
@
o
Hzz{ 3-34% 2.86% 15.86%  3.14% 0.12% g Hzz{ 0.08% 0.99% 1.31%  19.07%  2.51% 3.60% 0.00%
S
0.4 .

Hww{ 0-06% 2.21% 9.64%  10.58% RWEWEY Hwwd 0.-01% 5.76%  10.64% 23.16% [RiNMPLYAN 18.61%  0.02%
Hss{ 0-02% 2.09% 14.18% 2.87% 0.2 Hss{ 0-00% 0.02% 0.07% 0.03% 0.01% 3.05% 0.00%
(z2),{ 0.02% 0.06% 0.06% 0.00% 99.77% (z2)y{ 0-02% 1.05% 0.45% 0.00% 0.00% 5.25% ekl
— 0.0
© s o & & 2 > ® & o & & & >

) & ] I\ 20
& NS P & & € aF & oS ® A & bS @0
Reconstructed category Reconstructed category
The migration matrix The purity matrix
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True process

JOI jet level — double tagged

CEPC Ref-TDR

Z-u*tu~,H-qq, Vs = 240GeV

0.8

0.7

0.6

0.5

r0.4

r0.3

r0.2

r0.1

N 57.19% 1.30%  0.00%  0.00%  0.00%  0.00%
Hec | 124%  0.00%  0.00%  0.23%  0.00%
Hog| 0.84%  0.84% | 40.54% 0.00%  0.00%  1.84%  0.00%
Hyp| 17.86% 8.83% 10.62% 0.00%  0.00%  3.49%  0.00%
Hwwl 003%  414% 1412% 0.00%  0.00% 1.61%  0.00%
Hss| 0.01%  0.12%  286%  0.00%  000%  31.73%  0.00%
(Z2),] 17.00% 11.86% 1.71%  0.00%  0.00%  825%  0.00%

Q.\éo Q\Lc QS;Q Q‘qu é“‘\ Q\,',e @1')4

Reconstructed category

The migration matrix

—0.0

True process

Hbb

Hcc A

Hgg 1

Hzz -

Hww -

Hss 1

(ZZ)g

CEPC Ref-TDR

Z-outy~,H-qgq, Vs = 240GeV

81.39%

0.00%

0.12%

0.37%

0.00%

0.00%

18.11%

0.66% 10.86% 0.00%  0.00%  0.00%  0.00%
1872% 052%  0.00%  0.00%  0.12%  0.00%
0.69% 0.00% 0.00% 2.72% 0.00%
110%  1.99%  0.00%  0.00%  0.78%  0.00%
3.88% 19.97% 0.00%  0.00%  271%  0.00%
0.00%  002% 0.00% 000%  024%  0.00%
ZUTON 1630% 000% 0.00% [RERVEM 0.00%

RO Qs@ A

Reconstructed category

The purity matrix

» Maybe add JOI score as a training variable, and that should improve our results
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True process

Hbb

Hcc q
Hgg 1
Hzz {

Hww -

(ZZ)

» Maybe add JOI score as a training variable, and that should improve our results

JOI jet level — single tagged

0.8

0.6

0.4

r0.2

CEPC Ref-TDR Z-outu -, H-gq,vs = 240GeV
93.22% 0.00% 0.00% 0.33% 0.00%
0.00% 0.00% 4.37% 0.00%
62.63% 0.00% 0.00% 12.19% 0.00%
24.49% 17.64% 28.81% 0.00% 0.00% 12.67%  0.00%
1.38%  26.54% 38.07% 0.00% 0.00% 14.60% 0.00%
0.31% 3.06% 13.46% 0.00% 0.00% [kisifis  0.00%
19.47% 19.21% 9.53% 0.00% 0.00% 19.50%  0.00%
‘2.910 er,c éo; Q:;'}' é\@ @“5’ @1‘:\,,\

Reconstructed category

The migration matrix
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True process

CEPC Ref-TDR

Z-outu~,H-qq,vs = 240GeV

Hbb BREEIS N 9.11% 9.27% 0.00% 0.00% 1.20%

Hecd 0.09%  11.98%  0.97% 0.00% 0.00% 0.80%

Hgg{ 0-28% 2.10%  30.62%  0.00% 0.00% 6.61%

Hzz1 0.47% 1.14% 2.13% 0.00% 0.00% 1.04%

0.20% 12.88% 21.21% 0.00% 0.00% 9.02%

Hww 1

Hss1 0.00% 0.01% 0.03% 0.00% 0.00% 0.15%

(ZZ)y1 19:05% QEPRERE 35.76%  0.00% 0.00%

& &
& A

Reconstructed category

The purity matrix
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