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Motivation

@ The measurement of Higgs — bb/ct/gqg signal strength is important for Higgs
coupling studies.

@ The flavor tagging performance and color singlet identification has significant
impact on the measurement accuracy.

Contents

@ The relative accuracy of signal strength measurement of vVvH(H — bb, cC, gg).
o key performance : flavor tagging

@ The relative accuracy of signal strength measurement of ggH(H — bb, c¢, 9g).

o key performance : flavor tagging
o key performance : color singlet identification
@ summary

Sample
@ all SM processes at CEPC (/s = 240 GeV) with integrated luminosity of 5600 fb™1
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The analysis procedure can be divided into two steps:
@ select signal events with cut flow
@ calculate the signal strength accuracy
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The analysis process of vvH channel.
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Optimized matrix

© The b-likeness and c-likeness of two jets can be displaced in 2D
graph.

@ The cut on b-likeness and c-likeness can be find to maximize the
value of eff(b — b) + eff(c — ¢) + eff(udsg — udsg), the trace of
flavor tagging matrix.

100

c-likeness
c-likeness
c-likeness

L] ! 1 ! I ! 1 ] h
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b-likeness, vwH(H—> bb) b-likeness, VWH(H— ct) b-likeness, vH(H— gg)
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Optimized matrix :

b| 0.8675 0.0887 0.0437

0.1136 0.6263 0.2601

true
[+]

9| 0.0411 0.1007 0.8582

1 l
b c g
identified as
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events distribution based on optimized matrix :

b b
VWH(H- bb) VWH(H- ct)

b
backgrounds
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=8 [Sb - Np,i +Sc - Ne,i + Siight * Niight,i + Nbkg,i — Ni]?

—2-log(f) =
i=1 Ni

@ S,: the signal strength of vvHbb
Np,i: the event number of VVHbb in ith bin

@ N;: the total event number in ith bin of vvHbb, vvH/cc, vvHgg and
backgrounds

@ Npig,i is the expected event number in ith bin of backgrounds,
@ similar for S, Sjignt, Nc,i, and Njignt,i

a%log(f)  a%log(f)  a%log(f)
35405¢ 35405,  95g05g
a%log(f)  a%log(l)  a%log(l)
3SpaSc 35paSp 9550Sg
a2log(t)  a%log(f)  a2log(l)
35c35¢ 35c35p 35c95g

hessian matrix =

@ The error covariance is obtained from the hessian matrix.

@ The relative accuracy of signal strength is the square roots of the diagonal
elements of the covariance matrix, it is 0.49%/5.75%/1.82% for vvHbb/cc/gg.
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The analysis process of ggH channel.
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qqHqa/gg 2f sw sz ww 7z Mixed ZH L55B ()
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optimized matrix

b| 0.7648 0.11 0.1252

0.1327 0.5768 0.2904

true
(2]

9| 0.099 0.1248 0.7762

identified as
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light di-jet system

€ ¢cb €9 bb bg 99
qgH(H— bb), heavy di-jet system

light di-jet system

€ ¢cb €9 bb bg 99
qaH(H-> gg), heavy di-jet system

light di-jet system
Q o o o «Q
o « o « «Q

Q
S

€ co €I bb bg 99
qaH(H— ct), heavy di-jet system

light di-jet system
Q o o o «Q
o « o « «Q

Q
S

cc cb €9 bb bg 99
backgrounds, heavy di-jet system

The signal strength accuracy is 0.35%/7.74%/3.96% for qgHbb/cc/gg.

hu advisor : Mangi Ruan (IHEP)
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Zdecay mode H—bb H-—-cc H-gg
Z—ete” 1.57% 14.43% 10.31%

Z—utu~  1.06% 10.16% 5.23%
Z—>qg 0.35% 7.74%  3.96%
Zovv 0.49% 5.35% 1.77%

combination 0.27% 4.03% 1.56%

14/29
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key performance : flavor tagging
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Tri— Tropt

777nig _— 771)pt
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= c 0 1
g 0 0
identified as
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@ The perfect flavor tagging performance can improve the vvH(H — bb/ct/gg)
signal strength accuracy by 2%/63%/13%.

@ If the values of vertex detector parameters, including material budget, inner
radius, and spatial resolution, is 0.5/2 times compared to the CEPC baseline, the
Trmig Will changes from 2.35 to 2.54/2.16 accordingly. The detail can be found in
the following pages.
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@ The perfect flavor tagging performance can improve the vvH(H — bb/ct/gg)
signal strength accuracy by 35%/122%/181%.

@ If the values of vertex detector parameters is 0.5/2 times compared to the CEPC
baseline, the Trmig will changes from 2.12 to 2.31/1.93 accordingly.
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The dependency of flavor tagging performance on vertex
detector design.
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Z. Wu et al 2018 JINST 13 T09002

2. 0.15¢
L-U 0.14 — material budget
F resolution
0.13 . "
E —— inner radius
Table 1. The baseline design parameters of the CEPC vertex system. 012
0.11
R(mm)  Z(mm) single-point material 0.1
resolution(pmn) budget 0.09
Layer | 16 62.5 28 0.15%/X st
Layer2 18 62.5 6 0.15%/X F
Layer3 37 125.0 4 0.15%/X 0.07;
Layer4 39 125.0 4 0.15%/X 0.061
Layer5 58 125.0 4 0.15%/X O ST N I T T
Layer6 60 125.0 4 0.15%/X, 04 06 08 1 12 14 16 18 2

relative scanned parameter

the right plot : the correlation between c-tagging efficiency times
purity and vertex detector parameters
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The dependency of Trmjg on vertex detector parameters.

In vVH channel,
RO

0

Trmi = 2.35 +0.05 - logy A28 0,04 .jog, Rresoution +0.10 - Jog, —"29s

material resolution
RO
In ggH channel,

RO RO

radius

material - the default material budget  Rmateria : the modified material budget

0

Trmig = 2.12 +0.05 - log2 Rmaterial .04 . 10, resolsion | ¢ 10. og, radus.

material resolution

Table 2. Reference geometries.

radius

Scenario A (Aggressive) Scenario B (Baseline) Scenario C (Conservative)
Material per layer/ Xy 0.075 0.15 0.3
Spatial resolution/pum 14-3 28-6 5-10.7
Rin/mm 8 16 23
Trmig for gqH 2.31 2.12 1.93
Trmig for vvH 2.54 2.35 2.16
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vVH

qqH
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key performance : color singlet identification
(i.e. jet clustering and jet matching)
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We use the angle between reconstructed boson and MC truth boson
to evaluate the CSI performance.
note : The CSI evaluator in this report is just a demonstrator.
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50000-—
[ — qgH(H- qa/gg)
F — backgrounds
40000 (—
330000;
S [
< [
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10000~ :
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0 2 4 6 8 10 12 14 16 18 20 22

(log10(c.,)+3)” + (log10(c.,)+3)*

qqHbb  qqHcc  qqHgg
w.0. alphacut 0.35% 7.74% 3.96%
w.i. alphacut  0.33% 4.37% 2.08%
improved by 6% 77% 90%
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Summary :

@ The total signal strength of H — bb, cZ, gg can be measured to a relative accuracy of 0.27%/4.03%/1.56%, combining all four
different channels of uuH, eeH, vvH and qgH.

Z decay mode H—bb H—cc H—-gg

Z—ete™ 1.57% 14.43% 10.31%
Z—ptu~ 1.06% 10.16% 5.23%
Z—-qq 0.35% 7.74% 3.96%
Z—-Vvv 0.49% 5.35% 1.77%
combination 0.27% 4.03% 1.56%

@ The flavor tagging and color singlet identification (CSI) are the critical performances for these benchmarks. Their impact on the
anticipated physics reach is evaluated.

@ for vvH channel
@ The flavor tagging is critical for the ViH(H — bb/ct/gg) measurement. Using an ideal flavor tagging, the
anticipated accuracy could be improved by 2%/63%/13%.

@ for qgH channel
@ with perfect flavor tagging, the anticipated accuracy of qgH(H — bb/ct/gg) could be improved by
35%/122%/181%. _
@ If we can quantify the CSI performance and select the events with good CSI performance, the qgH(H — bb/ct/gg)
accuracy can be improved by 6%/77%/90%.

(* I\ good color singlet identification, or even a reliable color singlet identification performance evaluator at reconstruction level, is
highly appreciated.

https://arxiv.org/abs/2203.01469
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https://arxiv.org/abs/2203.01469

Many thanks !
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systematic uncertainties

We categorize the leading systematic uncertainties into three
groups:

@ The first group includes the reconstructed energy/momentum
scale of the physics objects, which are significantly smaller than
the statistical uncertainties.

@ The second group are those comparable to the statistical
uncertainty, especially the integrated luminosity.

@ The third group are those that can be significantly larger than
the statistical uncertainty, including CSI and the jet
configuration.

The detailed discussion can be found in
https://arxiv.org/abs/2203.01469.
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https://arxiv.org/abs/2203.01469

before event selection

after event selection

AU./0.44
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(log10(ct,)+3)? + (log10(ct,)+3)2, WW— 4 quarks
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