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Status

< Measurements of decay branching fractions of the
Higgs boson to hadronic final states at the CEPC

e Application of ParT model under three circumstances
» Using hadronic Hzz/Hww samples (TDR results)
» Using inclusive Hzz/Hww samples

» Using inclusive Hzz/Hww samples after extra isolated
lepton veto selection criteria
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An attempt with isolated lepton

Process H- WW* H-ZZ"
_ Semi-leptonic . Semi-leptonic
Final states Hadronic - : Hadronic - :
ev + 2jets  uv + 2jets ee + 2jets  uu+ 2jets

Simulated N 178264 56629 56801 185120 18221 17901
Muon pair & Z-mass | 161636 51310 52175 167775 16526 17034

D; < 0.6 160281 9640 4731 162909 654 175
Total efficiency 89.9% 17.0% 8.3% 88.0% 3.6% 1.0%

*: lepton veto muons from Z
: . . . The cutflow
(E > 5GeV and in region(AR < 0.4): max energy deposit for u/e)
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An attempt with isolated lepton

Process H - bb H - cc H->gg H-ss
Simulated N 495000 494500 371500 494250
Muon pair & Z-mass 449960 449169 337620 448584 The cutflow
D; < 0.6" 429627 445737 335633 447038
Total efficiency 86.8% 90.1% 90.3% 90.4%
*: lepton veto muons from Z
(E > 5GeV and in region(AR < 0.4): max energy deposit for u/e)
Dy == Ei/(Ei+Eother)
CEPC Ref-TDR ZH — puX @ 240 GeV CEPC Ref-TDR ZH — ppuX @ 240 GeV CEPC Ref-TDR ZH - upX @ 240 GeV
% ] %1200_|""l""l""l""l_%sooorl----l,----|----|----|__
8108 H— bb ~H- cc & : o e 16000 F H— bb :
3 S 1000 1 S14a000 E
- , ~—H->gg “|H- ss - r e o O, W - E ~H-cc ]
Z10% § 2 ~ 800 4 T12000 + 3
g | ' g : ez £10000 | ~H-gg ;
7 10° l: m ; . - Hor @) 2 ] & 8000 _ H—- ss _
I e 1 400 6000 | E
102} R : 4000 | ]
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Comparison of model performance

True process

The migration matrix with full sim bkg The migration matrix with full sim bkg

CEPC Ref-TDR Zop*u~, H-gd,vs = 240GeV

Hbb 2L 1.32% 1.71% 3.74% 0.05% 0.02% 0.26%

Hbb BEELEEN 0.78% 1.28% 3.08% 0.05% 0.02% 0.11%

e 85.17% 3.33%  3.60%  0.48% e oo e
Hgg - Bt 020% Hog | OGEUM 3.79%  5.02%  6.53%  0.05%
g
Hzz 1 | Y14% 012% | 387% 332% 4.80%  39.28% 9.97%  6.18%  32.49%
s
0.4 F
Hww{ 0.06%  2.21% [EEEEE (Ll 215%  0.13% Hwwl 0.97%  4.30%  5.18%  7.57% | 41.36% 4.57%  36.06%
Hes| 0.02%  2.09%  14.18% 78.32% [EIA 02 | o3 1aew  1256% 221%  152%
z2),] 0.02%  0.06% 0.06% 0.00% 0.00% 0.09% [RIKEEA on,| 001%  0oa% 0o 000%  0.00%
LLo.0
3 ¢ o & & & o ' ' ' ' - ,
> . Reconstructed category Reconstructed category
With hadronic Hzz/Hww » With inclusive Hzz/ Hww
» Reconstructed category refers to » The sum of each row equals 1
one with maximum score > Average accuracy: 75.3%

» Average accuracy: 82.1%
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Comparison of model performance

True process

Hbb

Hcc A

Hgg 1

Hzz

Hww -

Hss A

(Z2Z)s

The migration matrix with full sim bkg

The migration matrix with full sim bkg

CEPC Ref-TDR

Z-outu~,H->qq, Vs = 240GeV

0.11%

0.15%

0.05%

30.26%

17.47%

99.86%

A\
o

92.90% 1.32% 1.71% 3.74% 0.05% 0.02% 0.26% N 04.72% 0.79% 1.29% 3.01% 0.05% 0.02%
1.96% 3.33% 3.60% 0.48% 0.8 Hec | 1.54% 2.42% 2.70%
1.84% 4.24% 5.95% 7.79% 0.20% Hog | 3.74% 5.01% 6.56%
0.6
@
9.9tk 2.80% 15:86% Sl 2% é Hzz{ 3-39% 3.23% 550% | 41.17% 10.69% 5.76%
@
r0.4 é
0.06% 2.21% 9.64% 10.58% 0.13% How | 0.43% 3.65% 7 06% 9.48% 3.59%
0.02% 2.09% 14.18%  2.87% 2.04% +0.2
Hss{ 0.03% 1.37% 12.55% 2.19% 1.52%
0.02% 0.06% 0.06% 0.00% 0.00% 0.09% RN
L loo (Z2)q 1 0.00% 0.04% 0.04% 0.00% 0.00% 0.06%
e 2 e e 5 ‘ . ‘ . . .
& oS & s RS 8y ar & & & & @ & &
Reconstructed category Reconstructed category
» With hadronic Hzz/Hww » With inclusive Hzz/Hww
» Reconstructed category refers to > Add extra lepton cut
one with maximum score » The sum of each row equals 1
. 0
» Average accuracy: 82.1% _ » Average accuracy: 78.0%
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Comparison of results

< Results of the measured Higgs branching fractions with relative

statistical and systematic uncertainties:
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% 7.9% 1.1% 96.9%

» With incl Hzz/Hww
Sig H-bb H-occ H-gg H-ZZ* H-WW* H-ss

Branching fraction 57.7%  2.91% 8.57% 2.64% 21.5% 4.4 x107*

Rel. Stat. Un. 0.3% 2.3% 1.2% 7.4% 1.1% 116.1%
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Comparison of results

< Results of the measured Higgs branching fractions with relative

statistical and systematic uncertainties:
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% 7.9% 1.1% 96.9%

» With incl Hzz/Hww adding extra lepton cut

Sig H-bb H-occ H-gg H-ZZ* H-WW* H-ss

Branching fraction 57.7%  2.91% 8.57% 2.64% 21.5% 4.4 x107*

Rel. Stat. Un. 0.3% 2.2% 1.2% 7.7% 1.0% 100.0%
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Back up
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Separate hadronic decays from inclusive Hzz and Hww
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(3.3632 +0.0042 ) %
(3.3662 £-0.0066 ) %
(3.3696 +0.0083 ) %
(20.000 £0.055 ) %

(69.911 +0.056 ) %

(10.71 £0.16 ) %
(10.63 +0.15 ) %
(11.38 +0.21 ) %

(67.41 £0.27 ) %

(17.39 +0.04 ) %
(3.67 +0.08) x107?
(17.82 +£0.04 ) %
(1.83 £0.05 ) %
(12.03 £0.05 ) %
(11.51 +0.05 ) %
(36.50 +0.09 ) %
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ForH —» ZZ:
Hadronic 48.9%
Semi-leptonic 42.0%
Leptonic 9.1%
ForH - WV
Hadronic 45.4%
Semi-leptonic 44.0%
Leptonic 10.6%
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https://pdglive.lbl.gov/Viewer.action

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.

> |C059u+ M—| < 0.996: to further reduce the two-fermion backgrounds.

> Nchargea > 7: to reduce the backgrounds.

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

> MjEe°! in H-mass window [120 GeV, 140 GeV].

grecoil
M =

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 9m1| <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% 82.4% 82.8% 82.4% 0.7%

Incl Hzz/Hww: 0.8239,0.8233,0.8249,0.7498,0.7374,0.8240,0.0066
add DI<0.6: 0.7878,0.8178,0.8206,0.6443,0.4984,0.8218,0.0065
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Comparison of purity matrix

True process

The purity matrix with full sim bkg The purity matrix with full sim bkg

CEPC Ref-TDR Z-ptu~,H-qq, Vs = 240GeV CEPC Ref-TDR Z-u*u~,H-qq,Vs = 240GeV

N 99.53% 11.14% | 48.32% 0.35%  1.02%  0.23% Hob JECPPAM 10.77%  8.29%  39.09% 0.34%  0.59%  0.09%
Hee 65.99% 1.28%  1.18%  9.27%  0.02% 0.8 Hee 62.03% 0.99%  0.81%  4.46%  0.01%
Hgg - 8.15%  6.23% LR 0.03% Hgg 7.14%  4.93%  32.01% 0.01%
UC
S
Hzz| 0.08%  099%  1.31% 19.07% 2.51%  3.60%  0.00% € hzz{ 017%  1.92%  131% 20.74% 2.74%  8.48%  1.06%
e
=
0.4
Hww/ 0.01%  576%  10.64% 23.16% [CENPAM 18.61%  0.02% Hww| 0:34% 19.87% 11.16% 32.03% JCIBEIZN . 9.43%
Hes| 0.00%  0.02%  0.07% 0.03%  0.01%  3.05%  0.00% H0.2 Hss{ 0.00%  0.01%  0.06%  0.02%  0.01%  2.06%  0.00%
Z2),] 0.02%  1.05%  045%  0.00%  0.00%  5.25% z2),] 002%  062% 026% 0.00% 0.02% 215% [ELRO
sl
—Lo.0
© & o 1} & ;,a 3 > & X o & &? NS
* Ay ® As & RS \1’0 RS Ay RS oS Q Ry (1,'1/

Reconstructed category Reconstructed category

» With hadronic Z/W > With inclusive Z/W
» The sum of each column equals 1 » The sum of each column equals 1
» Reconstructed category refers to

one with maximum score
2025/8/13 maxt@ihep.ac.cn 12




Comparison of purity matrix

True process

The purity matrix with full sim bkg The purity matrix with full sim bkg

CEPC Ref-TDR Zop*tu~,H-»qq,vs = 240GeV CEPC Ref-TDR Z-pu*tuy~,H-gq,vs = 240GeV

Hbob BEEEESM 20.29% 11.14% | 48.32% | 0.35% 1.02% 0.23% Hbb BEEE N 11.63%  8.11%  40.45% 0.35% 0.84% 0.09%

Hee - 65.99% 1.28%  1.18%  9.27%  0.02% 0.8 Hee | 68.06% 1.08%  0.84%  596%  0.01%
Hgg{ 0-29% 5.90% 8.15% 6.23% PR 0.03% Hgg ALY 7.77% 5.13% | 42.74% 0.01%
0.6

a
v
Hzz{ 0.08% 0.99% 1.31%  19.07%  2.51% 3.60% 0.00% g_ Hzz{ 0.13% 1.77% 1.29%  20.67%  2.65% 9.08% 0.92%
2
0.4 a
Hww{ 0.01% 5.76%  10.64% 23.16% Q:IENFPECE 18.61%  0.02% Hwwd 0.11%  12.59% 10.44% 30.00% RN 35.68%  3.35%
Hss{ 0-00% 0.02% 0.07% 0.03% 0.01% 3.05% 0.00% r0.2 Hss| 0.00% 0.02% 0.06% 0.02% 0.01% 2.75% 0.00%
(Z2)y{ 0-02% 1.05% 0.45% 0.00% 0.00% 5.25% (z2)y{ 0.00% 0.70% 0.27% 0.00% 0.02% 2.94% [EEEN»EE
—0.0
LO ‘(a IQ ,1} 'q\ ‘% £y ‘O I(a 'q I’I.f I.x\ I‘o &
i & & " ) & 4 &
X ¥ & N Q;x\ DS djr RS Y ® A & ® \1’0
Reconstructed category Reconstructed category
> With hadronic Z/W » With inclusive Z/W
» The sum of each column equals 1 > Add extra lepton cut
» Reconstructed category refers to » The sum of each column equals 1

one with maximum score
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