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Introduction

The Higgs boson and FCC-ee
The Higgstrahlung : et +e” > Z+ H
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The Higgs boson

« In 2012 : Higgs boson (H)
discovery (ATLAS & CMS
collaborations).
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\s=7 TeV,I Ldt=4.81b"

\s=8 Tev,_[ Ldt=591fb"

In the Standard Model (SM), fermions inherit their mass from their

coupling with the H :
mg = U% v = 246 GeV

Any deviation from the expected value
would indicate possible beyond SM
processes
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 Higgs boson main decay channels : 5022 ~2040 - 147ov.20001'por pammen
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- The H — bb channel was analysed thanks to a large Branching
Ratio and great tagging performances in the detector

« H - gg and H — cc could not be measured because of
inefficiency of the detector for these channels



The FCC_ee 31/06/2022 - Maloizel Alexis, Paul Guimbar;

n
o
o

O i % . | * The FCC (Future Circular Collider)
Z L RN % - * ~90km circular collider project
g i % * Two main collisions periods : FCC-ee & FCC-hh
= % .
i / 0.2ab'at 7
L ' é f:oa:_?:t ] ° FCC-ee (electron-position collisions)
: % 365 GeV 1 «  First period at /s ~ m,; = 91.2 GeV, to study the
; % i Z boson
% 9 101112131415 «  Second period to study the W boson around
N Vs ~2my, = 160 GeV
;— g g —ww | - 2 « Higgs factory with Higgstrahlung process at s =
) = (LO)max @ 240 GeV ~—WW - H 5

240 GeV with a Luminosity of L = 5 ab-1

\ g « Final run at s = 365 GeVv

€ Z 5 E \
-E“ s o FCC'hh (hadron-hadron collisions)

—— - Expected maximum energy of /s = 100 TeV

bo mm zo @m0 0 w0 a0 w0 w0 e «  Possibility to discover directly new physics

Vs (GeV)




The Higgstrahlung process

Events/1 GeV
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The Recoil Mass

(Ey + Ey,pu + 1) = (Vs5,0) = MZ,coy = s + mé — 2Ey0/s

* Allows model independant measurement of the total Higgs
Cross-section (o)

« Using the recoil mass is not possible in the LHC due to
the composite nature of protons

20|
1sf

10f-

25;- DZH

50

60 70

80 90

.!” -

100 110 120 130 140 150
Mgecoil (GEV)

Signal Channels

H - bb H - cc
H - gg H - nonhad

Main background components

ete” - 77 ete” - WW




Simulation

Event generation
Event reconstruction & selection
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Event generation -

» We generated private signal samples to ensure enough statistics
and ease the renormalization process

« Specific initial & final state are given to WHIZARD :
» Generates all possible processes with these respective states

ete”™ - uuH > Higgstrahlung e -

ete” - llH < e~ | /
ete™ — eeH > Higgstrahlung j;é _______ h
e+ 4

+ Z boson fusion

The total normalization factor is then : | \
(o(ee » ZH) * BR(Z - pp) + o(ee — eeH)) * BR(H - XX)
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Samples o

« Summary of the samples used for the analysis

Process sigma (fb) BR1 BR2 | sigma*BR (fb) | Nyenerated | Lgenerated/ L
Z()H(bb) 201.87 | 0.067316 | 0.5824 3.15008 100000 2.57
Z()H(ce) 201.87 | 0.067316 | 0.02891 | 0.404565 100000 | 50.909
Z(1)H(gg) 201.87 | 0.067316 | 0.08187 |  1.14569 100000 | 17.977
Z(I)H(nonhad) | 201.87 | 0.067316 | 0.30682 |  4.20363 500000 | 23.984
1.7 1358.99 1 1 1358.99 59800000 8.801
WW 16438.5 1 1 16438.5 49400000 0.122
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Detector simulation 10

g =T ey e R e T
- We proceed (using DELPHES) to the  § [ iy Proe 2 | e | /
simulation of the detector, then T Pid R —
reconstruct : N B | =77
- the leptons using detector simulation - T / prd
OUtpLIt 10_30—' 02 %6' 08 '-1 10_30-' 02 '024' 06 08 1
« the jets using clustering algorithms ~ etteddiaietieney - dedeguingelitiensy

« Jets flavour is then tagged with
efficiencies extracted from dedicated

studies
« Nominal efficiency chosen at 80%

15,,

jet misid. probability
jet misid. probability

—gVvsud3
—gVss ]
—gvsc |

¢ OUF prlmary Se|eCtIOn |S the tWO 10’30h '//0.2' ' '0%4‘ ?te ) ‘o.afr' - '_1 10'30- Z.z' ' ‘0%4' (t)? ] l;:v?b_ -1
. jet tagging efficiency jet tagging efficiency
leptons candidates to the Z decay

E %¢ : i
j=u,d,s,c.bg : ]
- sVsu i /
svsc / d
sSVs i
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* Further selections are required to increase the signal

S|g n|f|Ca Nnce . Leptons momentum
- In the lepton selection we require : N

- Two isolated electron or muons with @, = 0

 Lepton pair invariant mass between 81 — 101 GeV
* |cos(6;)] < 0.8

- - 0 L L L
« Lepton momenta within 25 — 80 GeV L PR
|cos(6;;)] Dilepton invariant mass
F — Z(I)H(bb) N — Z(IhH(bb)
042 — Z(IH(cc) 01— Z(IhH(ce)
C Z{I)H(gg) - Z({l)H{gg)
o1l Z{IhH(nonhad) B 2{l)H(nonhad)
' —zz i i—zz
= 0.08 :
0.08

) N N N

I T N T T Y A [ N N ; [N A
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9| 1
I
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0.045 =
Z(IH(bb)

- In the hadronic selection we require : R o

Recoil mass between 120 — 140 GeV onf | | AR
Jet momentum within 10 — 100 GeV s | | L

5

. . . 0.02;— J
+ Hadronic mass in 100 — 140 GeV wit | 41 o
 Missing energy < 30 GeV N .

0.005:— -’{r‘f l.
n:,+\||\\|\|\\\|\ P
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FCC-ee Simulation (Delphes) FCC-ee Simulation (Deilphes)
>10000_|II|III|III|III|III|III|III|III|III|III > —III|III|III|III|III|III|III|III|III|III—
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Two leptons candidates Final selection

Another dominant background component that is omitted on the plots is the e*e™ — Z/y* process.
However this component is mostly filtered thanks to our selection and its final impact is negligible
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 We finalize our selection by considering 8 orthogonal event
caterogies depending on the number of b, c or g tagged jets :

ZHbb ZHcc ZHgg ZHnonhad | background
2b 10777 (100) 0 (0) 1(0) 46 ( 0) 814
2¢ 2 (0) 577 ( 15) 2(0) 66 ( 2) 798
Iblc 219 ( 13) 2 (0) 2 (0) 10 (1) 34
1b0c 5378 ( 69) 0 (0) 39 (0) 40 (1) 672
Oblc 33 (1) 292 ( 6) 131 ( 3) 1193 ( 24) 798
0bOc2g 4 (0) 1(0) 1533 ( 36) 50 (1) 241
ObOclg 60 (1) 5(0) 781 ( 14) 574 ( 10) 1835
0b0cOg 518 ( 7) 31 (0) 103 (1) 1636 ( 22) 3186
Total | 16992 (122) | 909 ( 16) | 2593 ( 38) | 3615 ( 34) 8377

Expected signal yields for each categories

« Some categories are dominated by specific channels
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Additional cut on Emiss 15

» For H - gg and H — c¢ the hadronisation produces less
neutrinos than in H — bb

« We expect less missing energy in these channels

Missing energy

( e (Cut tighten to:

(cc) e << 20¢GeV for H—- cc dominated
Enonhad) categories

—« * < 15 GeV for H —» gg dominated
ones

0.25
0.2

0.15

 Furthermore it has been noticed that
- the selection on isolated leptons was
il 0 N non-optimal

 We considered a potential gain of events
n T} -1._._H_H__ of 30% by improving this part of the

T i selection

E.iss [GeV]

0.1

0.05




Analysis

Fitting processes
Impact of tagging efficiency
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Analysis strategy 17

* The goal of the analysis is to measure :

* BR(H - bb), BR(H - c¢) and BR(H - gg) BR(H - nonhad) is set to be
equal to the SM prediction

- We have the relation, where N;q¢0 40 IS the number of signal

event in a tagging category :
* Neategory = L * o(ee = lIH) * Yyx BR(H = XX)eXosory, XX €{cC, bb, gg, nonhad}
« We have 3 unknowns and 8 equations (8 categories)

- We extract the value of the various N;4tcg40ry DY performing

simultaneous likelihood binned fit on the recoil mass distribution
within 120 — 140 GeV
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Fit of the signal and bkg ’ 18

« The background is mostly shaped by the tail of the
Z — ll decay and the combination of two W leptonic
decays

 This results in a flat shape fitted using first order 20
polynomial functions

Events/ ( 0.25)
> o
TTTTTTTTT

—_
B

_| | | | I | | | | L1 1 ‘ 11 ‘ 11 ‘ | I | | | | L1 1 | 11
920 122 124 126 128 130 132 134 136 138 140
m_recoil

« The signal shapes were described using Double- oe > ZHbb 20
Sided Crystal Ball functions :

« All categories are fitted using the same model and -
parameters S000F

4000

~
o
=3
=]

Events/ (0.5)

6000{—

- In the final fit all tails parameters are fixed to avoid ::::
migration of events between signal and background : J

1000—

?20 122 124 126 128 130 132 134 136 138 140
m_recoil
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Signal+Background fit -

3 fit examples in the purest categories

ee -> ZH, WW, ZZ, 0b0c2g ee -> ZH, WW, ZZ, 2¢c ee ->ZH, WW, ZZ 2b

"y = o 180 ™ -
sk s S 2500
s 2 2 160 2 f
= - c — [ = =
g - e - o -
G 300 o 140 @ 2000
250 120 -

- 100/— 1500 —

200 N i

B 80— -

150 - 1000 —

C 50_* L

100f— C B

- 40 N

C 500 (—

50— ol N

o - C EAaN i

? '1"1"J"'I."l"‘"l'.."fﬂu‘.'-'-r':‘t'[;'l"E"l"!"k':'q-:,{'.i:-1--|---|--&--p«q-.q-.L--\--i--p--\--n--;--h- ‘?71 kel J--:“['.J .Jt"‘\. cliod T"["V-r--Lm—u Leshdend T’]";“;“['T'T"L"J'"l"‘\.":"l"h':‘q"r." = oy
20 122 124 126 128 130 132 134 136 m,:jjf’[ee&i“’ 20 122 124 126 128 130 132 134 136 m,:jjﬁ’[ee&i“’ e e e T T S

Meocol [GEV]

With the simultaneous fit to the 8

categories we extract the following H = bb 0.9%

H - cc 5.9%
results ’
H - gg 2.6%




Impact of tagging efficiency
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 In order to assess the impact of the tagging efficiency, we have
been asked to consider various scenarios :

Strategy

Nominal
Fake rates x2
Fake rates x5

Efficiency -10%
Efficiency -20%
WPc 90%
WPc 70%
Efficiency +10%
Fake rates /2

80/0.4/0.05/0.7

80/0.8/0.1/1.4
80/2.0/0.25/3.5
70/0.4/0.05/0.7
60/0.4/0.05/0.7
80/0.4/0.05/0.7
80/0.4/0.05/0.7
90/0.4/0.05/0.7

80/.2/0.025/0.35

2.0/80/0.9/2.5
4.0/80/1.8/5.0
10/80/4.5/12.5
20/70/09/25
20/60/0.9/2.5
4.0/90/7.0/7.0
09/70/0.2/1.0
2.0/90/0.9/25

1.0/80/0.45/1.25

2.0/5.0/15/80
4.0/10/30/80
10/25/75/80
20/5.0/15/70
2.0/5.0/15/60
20/5.0/15/80
2.0/5.0/15/80
2.0/5.0/15/90
1.0/2.5/7.5/80
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Final results 21

Relative errors different scenarios, lum = 5000*%1.3

e ' Pessimistic fake rates

¢ The tagg|ng efﬁC|enCy e S Pessimistic efficiencies
No |mpact on the b-channel : . ' Pessimistic fake rates

: , iPessiniistic efficienciés

« Assuming pessimistic cases lead to | , , , , .
significant losses in precision for
the c-channel and g-channel 3 R

‘

+  Alternative WP to improve the — ——
precision in the c-channel causes ' R o - ke
losses in the g one : e

o | E | : . —e— Fake rates /2



31/06/2022 - Maloizel Alexis, Paul Guimbard

Conclusion i

* Summary
« We generated our signal and simulated the detector behaviour

« We reconstructed the events and applied a selection on multiple
variables

« We performed simultaneous fit on background, signal, and
signal+background distributions to extract errors on the Branching
ratio measurement

» These results are promising not only compared to the HL-LHC
predictions but also to comparable project being considered in
parralel (CEPC collider in China)

* There remains many possible axes to improve these results
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/ V\,‘j—r‘ﬁ 4 Why using a neural network ?
\\  Classification problem
N W by  Vast amount of data
/ « Complex relations between
i H inputs

Higgs Strahlung

= {=¢electron
= 7211

= TAGS:H - bb[0] orcc[1] or gg [2] or non hadrons [3]



Neural Network

Presentation et Parameters choice
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Neural Network >c

0 0 Probability of this type of Iris
= - 1 1
SepallLength
1 1 % 0.02 Setosa
SepalWidth
§ 0.95 Versicolor
PetalLength
2 2 74
PetalWidth .03 Virginica
x L
Input Layer Hidden Layers Output Layer

Classification Neural Network



31/06/2022 - Maloizel Alexis, Paul Guimbard
26

Study of the inputs

Which one ?
* Number of b, c and g tagged jets Data processing

& tracks b jet

G

secondary Q — TRA'N

vertex

 Distance between

successive vertex  NORMALIZE

light jet
g J primary vertex

\ ©
~ STUDY

|ghtjet

 Number of isolated electrons
 Number of isolated muons




n_selected_ctagged_jets

htemp
E Entries 60270
L Mean 0.05535
— Std Dev 0.2338
40000 —
30000 —
20000
10000 —
ol ol L 1 ol
0 05 15 2 25 3
n_selected_ctagged_jets
n_extraisoelectrons
htemp
60000 [~ Entries 60270
r Mean 0.04385
C Std Dev 0.2268
50000 —
40000/ —
30000—
20000 —
10000
ob—lllllAlll Ll 11 0 - - 'I'l I llllAllllllllllJl
0 05 ; 2 25 3 35 45 5

n_extraisoelectrons

2 inputs parameters for the H->bb data

4000

3500

3000

2500

1500

1000
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EEKtJets_d23
htemp
= Entries 57340
= Mean 826.2
— StdDev 6943
- s ol i
10’ EEK1Jets_d23
EEKtJets_d23
Entries 117881
Mean 1247
StdDev  779.9

1

EEKtJets_d23

d23 for the H->cc and H->nonhad data (logarithmic scale)

27
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Network Parameters .

_arlimputg | st nbr neur | nBatch | nEpoq | Activation fnct | optimizer | > Effiiency

[b,c, g,logd23,d34,m_rec] [32,16,8] 32. 12. RelU adam 0.8915572166442871
[b,c, g,logd23,d34,m_rec] [16,16,16] 32. 12. RelLU adam 0.8895184000333151
[b,c, g,logd23,d34,m_rec] [16,16,16] 32. 12. RelLU RMSprop 0.8774165113766988
[b,c, g,logd23,d34,m_rec] [16,32,16,8] 32. 12. RelLU adam 0.8908904393513998
[b,c, g,logd23,d34,m_rec] [32,16,8] 32. 12. RelU adam 0.8914608558019003

[b,c, g,logd23,d34,m_rec] [32,16,8] 32. 30. RelU adam 0.8917075196901957
[b,c, g,logd23,d34,m_rec] [32,16,8] 20. 12. RelLU adam 0.8911949197451273
[b,c, g,logd23,d34,m_rec] [32,16,8] 64. 12. RelLU adam 0.8906437953313192
[b,c, g,logd23,d34,m_rec] [32,16,8] 100. 12. RelLU adam 0.8894721468289694

[b,c, g,logd23,d34,m_rec] [128,32,8] 32. 12. RelU adam 0.8916959563891093
[b,c, g,logd23,d34,m rec] [32,16,8] 32. 12. sig (1) ReLU adam 0.8915572166442871
[b,c, g,logd23,d34,m rec] [32,16,8] 32. 12. sig adam 0.8916497031847636

[b,c, g,logd23,d34,m_rec] [64,32,16,8] 32. 12. sig/RelU adam 0.8925284544626871
[b,c, g,logd23,d34,m_rec] [8,16,32,16,8] 32. 12. sig / RelLU adam 0.8757708072662354
[b,c, g,logd23,d34,m_rec] [256,128,64,8] 32. 12. sig / ReLU adam 0.8916419943173727

[b,c,g] [32,16,8] 32. 12. Sig adam 0.8150109450022379

[b,c, g,logd23,d34,d45,n_e, n_m,m_rec] [256,128,64,8] 32. 12. sig/RelU adam 0.8929177125295004
[b,c, g,logd23,logd34,logd45n e, n_m,m_rec] [256,128,64,8] 32. 12. sig / RelLU adam 0.8922702272733053



Final Results

Floating Parameter InitialValue
Yield 0 bkg 6.0441e+02
Yield 1 bkg 4.6274e+02
Yield 2 bkg 3.8969e+02
Yield 3 bkg 1.6304e+03

mH 1.2500e+02

mu_bb 1.0000e+00
mu_cc 1.0000e+00
mu_gg 1.0000e+00
mu_nonhad 1.0000e+00
p0 0 5.0000e+02

p0 1 5.0000e+02

p0 2 5.0000e+02

p0 3 5.0000e+02
sigma 4.3800e-01

Categories

FinalValue

6.6424e+01
4.0651e+02
2.5222e+02
1.5413e+03
1.2506e+02
1.0282e+00
1.0547e+00
1.0493e+00
1.0122e+00
1.8524e-04
5.3275e+00
2.476le+01
1.7318e+00
5.1551e-01

8.38e+01
4.04e+01
4.90e+01
8.38e+01
6.03e-03
8.21e-03
5.04e-02
2.64e-02
2.38e-02
3.86e-01
2.33e+00
8.21e+01
2.41e-01
6.77e-03

GblCorr.
<none>
<none>
<none>
<none>
<none>
<none>
<none>
<none>
<none>
<none>
<none>
<none>
<none>
<none>
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Floating Parameter

Yield 0bOcOg bkg
Yield 0bOclg bkg
Yield 0bOc2g bkg
Yield Oblc bkg
Yield 1bOc bkg
Yield 1blc bkg
Yield 2b bkg
Yield 2c bkg

mH

mu_bb

mu_cc

mu_gg

mu_nonhad

p0 0b0OcOg

pO 0ObOclg
pO_0bOc2g

InitialValue
.8417e+03
.8185e+03
.7202e+02
.1976e+03
.0260e+03
.9263e+01
.2445e+03
.1684e+03
.2500e+02
.0000e+00
.0000e+00
.0000e+00
.0000e+00
.0000e+02
.0000e+02
.0000e+02

OO RRPRRPERRERLSRREWONDS

Free Parameters (NN and 8 categories)

Rel. Err. gg

Rel. Err. bb

FinalValue

P NWOwOVwLOwOURrRrRFRFOOREB_NDOO

.1001e+03
«9536e03
.7720e+02
.3416e+03
.4082e+03
2025601
9717403
J2T16E+03
.2500e+02
.4644e-01
.5898e-01
.4930e-01
J16296~01
.0297e+00
.5374e+00
w20l

NNNMNNOYYO O RFRPRE 3O OO

.26e+01
.70e+01
#17e+01
.48e+01
.07e+01
.30e+01
.02e+02
.87e+01
.84e-03
.24e-03
-03e~02
.67e-02
+B3E=02
.00e-01
.08e-01

Rel. Err. nonhad

GblCorr.
<none>
<none>
<none>
<none>
<none>
<none>
<none>
<none>
<none>
<none>
<none>
<none>
<none>
<none>
<none>

8 tags
4 tags (NN)

6.3 %
4.8 %

2.8 %
2.5%

1%
0.8 %

3.1%

2.3%
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Correlation Matrices e

POl correlation matrix POI correlation matrix

mu_nonhad mu_nonhad

mu_gg mu_gg

mu_cc

mu_cc

mu_bb mu_bb

mu_bb mu_cc mu_gg mu_nonhad mu_bb mu_cc mu_gg mu_nonhad

Correlation Matrices (8 tags and 4 tags (NN))
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Fits for NN categories a1

ee->ZH,ZZ0 ee->Z7ZH,Z2Z 1
© o
L 4000— & . b4 S, 250-_ ....... 77
= = oz gadis ZH(bb) = P ;i “ R " ZH(bb) .
TR S | ZH(e) T 2 O 5 ) Reconstructed signals for
a B #F 2000 e ZH(gg) T I I T LTI ZH(gg) .
w w
s || e ZH(nonhad) w0 [o] e ZH(nonhad) each categorie
2500 C
150/—
2000 C
'y L
1500 100
1000 N
50—
500 L
a "errdeeag t‘.'.‘ .......................
IR AT S ESTyS TSl R T ISR O Sl B B D b et - RO L P, S |0 TP T Rt ol i e 7
00 122 Ti2A 2 T2 TR0 e e 3 e 140 T BT 7R R TR R - R YR T R 7Y
Moo [GEV] Myeco [GEV]
ee->ZH,Z2Z 2 ee->ZH,ZZ 3
o F o [
< 600 zZ S 1200~ 7z
- Base ZH(bb) = - ZH(bb)
< C ZH(cc) S N ZH(cc) °
bt Cl th NN
500 ZH(nonhad) = - ZH(nonhad) asses (Wi
i 800:—
C 600/—
Sk . H—->bb H—>cc
200 400—
100 200/~
la ey T __.,':,.;-:':", T o A% it ot P WAy e e R o i
£20 122 134 136 138 140 0 a6 128 %0 13 i i 440 H 9gg H->nonhad

Myeco [GEV] Mo [GEV]
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Conclusion

 The Neural Network allow preciser measurements
than the 8 categories

* We could improve the ability of the Neural
Network



Next studies

ZeeHqgq + ZmumuHqqg
ZnunuHqq

31/06/2022 — Maloizel Alexis, Paul Guimbard
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/eeHgq + ZmumuHqqg 34

» Seperating both channels result in better significances in all
categories

ZmumuHqq Combined

Hbb

Hcc

Hgg

No assumptions on Hnonhad Hnonhad = SM

» One could apply the NN selection on the two channels to
improve the results even further
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ZnunuHqqg 35
* The recoil mass can’t be et+e 57+ H
reconstructed as previously ,
» We consider now the system recoiling et z<
vV

against the H

» Initial selection : 2 jets stemming
from the hadronisation

» Perfom the fit on the Dijets invariant
mass
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events / 1 GeV

L}
» Each channel purest category after selection :
[ ]
FCC-ee Simulation (Delphes) FCC-ee Simulation (Delphes) FCC-ee Simulation (Delphes)
600_[\II|I\I\lI\I\l\Illl\llll\lll‘\l\l‘lllj_ > 7\|\\|II\I|II\I|I\\I‘I\II‘I\IIlI\I\lIII\ > III‘IIII‘III\‘III\‘III\lIII\lIII\lIII\

L {5 =240.0 GeV ZHtga) 3 - V5 =2400 GeV ZHiga) & 3000 15 -2400Gev ZHig} .

L 1 ZH(cc) — ~ 1 ZHice) — — L 1 ZHicc) i

[ L=5ab i - 300 L=5ab — N [ L=5ab
500 | @530 sig. 715 bkg. — ZH(bh) ] 2 T 1132 sig. 3083 bhg. — ZH(bb} ] 2 [ 27555 sig. 3849 bkg. — ZH(bb)

L e'esZH-I" M+ X I nuenve z ] o [ e'e=ZH=I"1+ X I nuenuez b 2 2500 [ e'e mZH "1+ X nuenueZ

L Ob, Oc, 2g-tags I zaq 4 @ o5l 2c-tags W 209 | @ r 2b-tags Zag

r I 7H(ronha d) B r B Hronha d) b L ZH(nonhad)

400 — — C ] L
H I B C B zz ] 2000 zz ]
B v ] 200 — v — - ww
300~ - C ] -

r 1500 u —
200~ 7 1000 F -
100 - — 500 L _

‘POO 105 110 115 120 125 130 135 140 1000 105 110 115 120 125 130 135 140 ‘PUU 105 110 115 120 125 130 135 140
Dijet invariant mass [GeV] Dijet invariant mass [GeV] Dijet invariant mass [GeV]
o

Very promising analysis for Hbb and Hgg channels

 Hcc still requires a bit more purity but seems to be leading to what
is published for CEPC



Thanks for your attention

BACK UP
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Normalization factors
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Process sigma*BR (fb) | Nyenerated | Lgenerated/ L
Z(IDH(bb) 315008 100000 257
Z(I)H(cc) 0.404565 100000 | 50.909
Z(I)H (gg) 1.14569 100000 | 17.977

Z(I)H(nonhad) | 4.20363 500000 | 23.084
177 1358.99 59800000 8.801
WW 16438.5 49400000 0.122

38
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Detector 39

~ Yoke/u chambers l

.-...-

« Detector « IDEA » concept :
« Silicon vertex detectors
e  Drift chambers
e (Calorimeters
*  External muon chambers

IO X

SIoguueyd

10

0.3
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 The signal shapes were described using Double-Sided Crystal
Ball functions

_lef]

[

CB(my,) = N x I € 2%

1.2
& 2%high

If — @ow < 1 £ Chigh

I e :
R (Rlow — @low — if]l] . ift < —ow .
—Mhigh 10001~

ﬁ[ﬁhigh — (Thigh —f}] B | i -

sl b ey 1 [T TeT
26 128 130 132 13 36

and parameters.

o5

» All categories are fitted using the same model

* All 6 parameters are let free

* In the final fit, the tail ones will be fixed, contrarly to the peak position
and resolution as they might be varying in the real data.
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Double sided crystal ball "

(12, if — @ow = 1 £ Ahigh
C‘B[mw :Nx.e'f L ﬁ[mw mw—r}] i~ if < — o
e %) g (Ruigh — Chigh _r}] . iff > Onigh

e I T T 1 I 1 I T 1 1 I T 1 T I 1 T 1
g =)
e 10°: =
© F Gaussian distribution =
C B —
D T 5
" 0CB'OLLow
—— - —
(@)
= 2| .
'..s-') 10 E OcB%High 3
[3) ™ =
QS - .
O T —
| -
o = power law .
~m'nHign
10k power law —
E ~(_m) Low E
il A my ]
1k . 1/ |

T R S B S B T B L1 R B R R
520 540 560 580 600 620 640 660 680
m, [GeV]
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Selection with Zgamma "

After reconstruction After Z selection After recoll, fets, Emiss selection
FCC-ee Simulation (Delphes, - i i
s - I ‘ l F?C'eei Sin‘llufaﬂ'lon (?eipll'es) % L | LI | TTT | T T 1 | 1T | TTT | T IZI|-|I(I )I(| T Ilpl | T l)l_ = 4000_| T | LI | T 1T | T \Flfwclfeilsllfrl"f’lalﬂ;ollnl l(?le{pllrelsl)l_
] :\llllllllllllllllllllI\I\IIIII : . gg : [V} j ZH i
E 835000_ Vs=240GeV L=5ab" ZH(gg) g C G:z@ Gev L =5 ZH(cc) ] g N Ve =240GeV L=5ab" ZHEEE)) .
¢ o - : ZH(cc) N 7000_— 22841 sig. (19186 bb / 979 cc / 2677 gg) - al [ 20631 sig. (17063 bb /931 cc / 2637 gg) ]
¢ B 30502 ig. (25706 bb / 1282 /3515 90) ZH(ob) o 220025 bhg. — ZH(bb) ] S 35001 20135 bhe. — ZH(bb) -
1 >30000F TR ZH(nonhad) 2 o' = ZH = I'[ +X ZH(nonhad) 1 ) [ oo —ZH 1T +X ZH(nonhad) ]
] - oete = ZH —=I'I +X \ € 6000~ mz — = -
= N . @ 81<m <101 GeV, lcos8 i<0.8 Y & 3000 8'<m,<101GeV, lcos8,|<0.8, 120<m B8 &, 100<m |, <140 GeV.H <30
(7] - No selection B ZH > - - = N recoil Je m
" B25000L . ZZ ® ¢ . 2z ] °> f - zZ ]
- . W n . ww E 2500 . ww =
- = 2000 -
- 1500 —
1000} —
500 —
P20 122 124 126 128 130 132 134 136 138 140 122 124 126 128 130 132 134 136 138 140 122 124 126 128 130 132 134 136 138 140

mremil [GeV] mreooil [GEV] mremil [GEV]
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Cut ZHcc ZHg ZHnonhad Wi
Yield Yield ' ¥ield

No cuts 4 2823 21478 6794958 821925088
Z2e or 2mu 1357 12375 871582 2138832
No extra lep 1356 9573 831747 2125498
p({lep) 25-88 GeV 1328 9881 426287 788364
q(ll)=06 1328 87385 425439 fee683
m{ll) 88-186 GeV 1244 2849 295892 178319
cos(theta_11)|<@.8 1817 6593 187765 128845

m{recoil) 128-148 GeV 979 6318 31698 53376
188<m( jets) <148 GeV 9312 3884 9397 e
EFmiss < 38 GeV By | 3796 0283 e

Efficiency (%) ZHccC ZHgg ZHnonhad
46.081 46.81 17.638

Nsignal
S — g

Significance :

\ Nsignal'l'Nbackground
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CEPC 44

 Results for CEPC at +/s = 240 GeV and L = 5 ab-1

Channel Expected error

H - bb 0.9%
H - cc 8.3%
H - gg 4.7%
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Luminosity comparison =

Relative errors different scenarios (G)

ABRpp
oO® 0e

®0®O0

ABRec
o

°® i | —&— Nominal
o i —6— Fake rates x2
. ° | . —@— Fake rates x5

o ! = | —e— Eff-10%

Eff -20%

o i ? | —&— WPc 90%

° : . —&— WPC70%
o . ! . —&— Fake rates /2

® ; | | —e— Eff +10%

ABRyy
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Model independance e

Without looking at the Higgs decay:
olee > ZH) = g%,

Reconstructing H—22Z:

4
o(ee — ZH)BR(H — ZZ) gHI?Z =T

Reconstructing other Higgs Boson decays H—-XX:

2 2
o(ee = ZH)BR(H — X X) o« HHZZIHXX g3,
Looking at “invisible” Higgs decays (large missing energy) = BR(H—invisible)
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Flavour tagging a7

e Large lifetime
o b (c)decay length: ~5 (2-3) mm
for ~50 GeV boost
e Large track multiplicity
o  ~b(~2)charged tracks/decay
e Non-isolated e/p
o ~20(10)% in B (C) decays

displaced
charged

lepton

eavy-flavour
jet

jet |
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w Cut ZHbb ZHgg ZHnonhad Z7 Wi Zqq nuenueZ
Yield Yield ' Yield Yield ¥Yield Yield ¥ield

No sel 124360 18938 1 78870 6704958 82192588 2632695080 166378
Njets = 124360 18938 ] 65296 6458313 79261587 262849957 126829
m{recoil) 88-138 GeV 115238 17614 36880 1612138 LEb3B8s5 21943329 64644
m{dijets) 188-1486 GeV 111685 17428 20187 225336 3186219 1608852 2128
p{jet) 26-95 GeV 111225 17466 20896 223684 3848618 16592308 2111
e(jet) 26-185 GeV 111172 17371 28869 2216682 2000541 1646088 2164
Npart: (jetl)»>18/(jet2)>»6 189865 17264 i 25586 167887 1486213 1489492 1627
e(miss) 28-68 GeV 183463 16564 i 24247 01867 048452 859127 1161
cos(theta)|<@.9 73686 11783 { 17388 Lel/1 L85/37 64448 17
cos()|<@.9 & n_GenKt 4184 6469 { 7a54 25761 2763816 46625 481
Jet(d23)<508 61167 7556 { 3755 23080 142812 L2733 361
A7688 4685 { 2856 16869 96847 247

- = —— - = — = —— e — — =

33858

u-mm.r_-.h.hwl_umwl—'c';-f;-u:;.

i . L .l i -~ 21 ] i o o 14

4a74 i 1437 b6led 28499 i 15

(%]

Efficiency (%) ZHbb ZHcc ZHgg ZHnonhad  nuenueZ
J7 .88 28 .35 27.58 34.21 g.78




