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Future circular collider project: feasibility study for estimations
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on the uncertainties on cross-section of the ZH process and
Higgs mass (125 GeV)

Signal: eTe” — ZH — pp~ + X

ete” > ZH s ete + X

Z decaying leptonically and use of the recoil mass method:

Mrgecoil = (\/§ . Ell—)z . plzf =H = ZEU_\/E n mlzf
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Z , years 1-2 [ Z , later [ WW, years 1-2 [ WW, later ZH tt

Vs(GeV) 88,91, 94 157,163 240 340 — 350 365

Lumi / IP 70 140 10 20 5.0 0.75 1.20
Lumi/year (ab '1) 34 68 4.8 9.6 3.6 0.36 0.75
Run time (year) 2 2 2 0 3 1 4

” 1.9 x 10°¢
P 2.175 CH 7 =

Number of events 6 x 10'?Z 2.4 x 10°WW iy +4.26 x 10°HZ

+6.75 x 10*'WW — H

+1 x 10°WW — H

> Uncertainties at \'s = 240 GeV:
- Cross-section: 0.60 %
- Higgs mass: 4.0 MeV

> Goal: Measurement of the ZH
cross-section at 365 GeV following
240 GeV methodology

2.175 x 10°HZ at 240 GeV
+4.26 x 10°HZ at 365 GeV
The run at 365 GeV provides
20% more ZH events at 0.75 ab™
during 4 years (total 3.0 ab™)
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Monte Carlo samples and events selection \w®

9
Using Fast simulation DELPHES: >  Events basic selection: ‘ o

> Signal: 1.  Preselection:

- Z(€+K_ ) H (Whizard/Pythia) - Select at least 2 leptons with opposite sign
- One lepton required to be isolated

2. my+,- €[86,96] GeV

>  Backgrounds:

- WTW -~ (Pythia)

3. pp~ €[20,70] GeV (> 20 GeV at 365 GeV)
ete 7 (Whizard/Pythia) 4 Myecon € [120,140] GeV
-4/ (Pythia)
7 /’Y N Iu+ Iu— (Whizard/Pythia) % 1O,ogcc-ﬁe s,-mu?anm : v§=|24o<I3ev, 7].2ab‘§‘

gt | o

> Rare backgrounds: wg? E§~.w E
- Z(qq) (Pythia) “E T T
- Z<7-+T—) H (Whizard/Pythia) 10
- Z<w/) H (Whizard/Pythia) 10
Sy — M+ [t~ (Whizard/Pythia) 10
=YY — 7'+7'_ (Whizard/Pythia) 10“;“\5 o e S g

e e v \

L2V geém.:.\ 2049"'\:\20 Lﬂ“eC\oos\\,«»
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38 GeV

events / 1

events / 1.39 GeV

Comparison 240/365 GeV with Preselection Cuts
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FCCAnalyses: FCC-ee Simulation (Delphes)
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38 GeV

events /1

events / 1.39 GeV

FCCAnalyses: FCC-ee Simulation (Delphes)
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Fg:CAnalyses: FCC-ee Simulation (Delphes)
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Luminosity is 3.0 ab™ at Vs=365 GeV and
10.8 ab™" at Vs=240 GeV

Differences

Signal yields ~5 times lower for p"u”
corresponding to lower luminosity and
cross-section

Shape of the background

Signal peak with lower resolution but
significantly less background at 365 GeV

Comparison mrecoil distribution at 365 GeV
(top) and 240 GeV (bottom) for the p'u and
e’e channel with preselection cuts
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80 GeV

events /0

events / 0.40 GeV

Comparison 240/365 GeV with Preselection Cuts

FCCAnalyses: FCC-ee Sil (Delphes)
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Zoom between 80 and 160 GeV

- Luminosity is 3.0 ab™ at Vs=365 GeV and
10.8 ab™ at Vs=240 GeV

- Signal yields 5 times lower for p"u”
corresponding to lower luminosity and
cross-section

Shape of the background

- Signal peak with lower resolution but
significantly less background at 365 GeV

Comparison mrecoil distribution at 365 GeV
(top) and 240 GeV (bottom) for the p'u” and
e'e” channel with preselection cuts
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Invariant Mass and Recoil Mass distributions \i

FgCAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes) )
> b T T I 35000 T T T T > Events basic selection: >
2 E Vs =240.0 GeV 58449 e'e)z 2 I Vs =2365.0GeV 23825 e'e)z
o F L’:w,aab" . 172885 [l W'W ] o - Lf:?',o.;b" . ss040 [ W'W ] 3 i .
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Missing momentum A\~
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> The missing momentum is defined by the negative vectorial sum of the momenta of all
reconstructed particles:

g —_—
Pmiss = — Prec

> Bmissing is the polar angle of the missing momentum vector with respect to the beam axis

> The requirement |cos Bmissing| < 0.98 is used for the mass analysis only, which means that
we are removing events mostly collinear to the beam axis

________ Cuton emissing

Beam Axis

©

Omissing

/AR ) I —
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COS Omissing
Distribution
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Cos Omissing selection cut & Recoil mass distribution
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> The requirement |cos Omissing| < 0.98

used for mass analysis only

> This requirement is removing a lot of

background concentrated in the last
bins

> Significance (S/sqrt(B)) is ~56 at 365

GeV, vs. ~125 at 240 GeV for p'yu

> Introduces biases on the Higgs decay

modes that break the model
independence, which is not important
for mass analysis

Cos Omissing distribution at 240/365 GeV for
p'u channel with baseline selection cuts
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Boosted Decision Tree

Using a Machine learning algorithm to separate signal >
and background, a Boosted Decision Tree (BDT)

The BDT allows for a model independent analysis >

Training_variables for BDT:

Variable Description

Ppty Lepton pair momentum

0,4+, Lepton pair polar angle

My, Lepton pair invariant mass

., Momentum of the leading lepton
eading
s Polar angle of the leading lepton
“leading

P, Momentum of the subleading lepton
subleading

0, s Polar angle of the subleading lepton
subleading

m — A¢,+,~ | Acoplanarity of the lepton pair

Al + - Acolinearity of the lepton pair

events

240 GeV

4
NS

)‘ 5

BDT Score comparison between 365 and

This BDT score is fitted to measure the ZH

cross-section value

FCCAnalyses: FCC-ee Simulation (Delphes)
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e Vs =240.0 GeV 39828 e'e)Z g
F L=108ab”’ 45965 [ W'W 3
[ ete 5 ZH - u'uw + X 172 Rare b
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E  Signal integral=53161.7 fa¢20 TiHp . 3
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= "
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BDT Score

BDT score comparison at 240 GeV (left) and 365 GeV
(right) for u"u” channel with basic selection cuts
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11 Systematic uncertainties \i

FCC-ee simuiation ZH, 's = 365 GeV, 3.0ab'

HRA 4
Beam energy spread: Uncertainty coming from

[Te)

o G _ . .

dlong— BH BES__Nominal the accelerator equipment, spread of the

P —BES__U . . L .

5 P nominal gaussian distribution of the beam. 1%
o — BES__Down

o]
o
o

at 240 GeV and 10% at 365 GeV.

>  Centre-of-mass (Vs): Uncertainty on the
centre-of-mass energy which is expected to be
known at the 2 MeV level for 240 and 365 GeV

> Lepton momentum scale: Uncertainty on the
momentum of leptons measured assumed to
be 107 for 240 and 365 GeV

|| iy ZH >  Greater impact of
0'9 . o. Y ol 06 07 08 09 1 V/s energy 240 365 systematics ?t 365 Gey
BDT Score BES 0.089% 0.41% compared with analysis

/3 unc. 0.0042% | 0.002% at 240 GeV c.o.m

Effect of the beam energy spread uncertainty (£10 %)

o momentum | 0.0002% | 0.0002%
on the Z(e, e)H recoil mass distribution

e momentum | 0.0002% | 0.0002% Table of systematic uncertainties of
- St - l 0 EQ‘Y : l 420 ' the analysis at 240 and 365 GeV
at only 9970 427

centre of mass
Syst only 0.089% 0.41%
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FCC-ee Simulillion Is = 240 G(7V, 10.8ab ™"

—— I/ Stat. only 8(c) = 0.5921 %

— Il Stat.+Syst. (o) = 0.5988 %
1
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H'H” and e'e” statistical and systematic uncertainties on V&
cross-section measurement at Vs=240 & 365 GeV )‘ A

FCC-ee simulation Vs =365 GeV, 3.0 ab -

3 — Il Stat.+Syst. §(c) = 1.4819 % //
\ /
\ /
-\ /
A\ /
=\ /

g \\ /

E o\ /

o(ZH- I'T)/o,

Likelihood scan of the ZH cross section at Vs=240 GeV & 365 GeV

1
1.02

ref

]

By fitting and combining the two channels,
we obtain the cross-section (here it is
normalized to the SM) with its statistical
and systematic uncertainties

The ratio between the measured
cross-section and expected SM value

1.42% Statistical uncertainties at Vs=365
GeV compared to 0.59% at \s=240 GeV

1.48% Stat+Syst uncertainties at \s=365
GeV compared to 0.60% at \s=240 GeV
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Expected uncertainties on the Higgs boson mass and ZH cross ) . 4
section at the Future e*e- Circular Collider, at 240 & 3635 GeV C

Gregorio Bernardi?, Kevin Dewyspelaere‘ Jan Eysermans?, Ang Li*

Poster presentation AN

2, MIT, Camhndge

Motivation & Context )
-Higgs mass: Reduce the current ~100 MeV to reach a value close to the natural width of the Higgs boson (4 MeV) which is needed to

measure the Higgs to electron Yukawa coupling at vs=Higgs mass.

- ZH cross section: Model-independent analysis to observe SM deviations and use it as a “standard candle” for Higgs width
Context:

At the Future e*e- Circular Collider, a long data-taking period is planned at the Z-Higgs (tt) production threshold, with vs=240 GeV
(365 GeV). We expect over 1 million (300,000) ZH events. Using the recoil mass technique for e*e- and p‘p- final states, we
estimate the uncertainties on the Higgs mass and the ZH cross section which can be reached at vs=240 GeV and 365 GeV.

——— FCC & Methods MC samples & selectlons-— > Poster presentat'on dunng the H|gh energy
4 91 km circumference proposed project Signal (ZH — p'p-/e‘e final state) and Physics Conference (ICHEP) at Prague in quy

France and using Whizard and
Pythia, propagated through fast simulation
# e*e- collider at Vs = 91 GeV (2), 160 | | DELPHES to best estimate FCC-ee

GeV (WW), 240 GeV (ZH), 365 GeV (tt) uncertainties.
%+ Higgs factory to study its properties, Basic requirements are applied: 2024
ElectroWeak interactions & BSM Physics
¢ Two leptons with opposite signs
Recoil mass Method: % Mass of the reconstructed Z boson
4 Momentum of the reconstructed Z boson
4 Study the Z boson decaying into a pair ¢ Recoil Mass
ofleptons WW back d ( Dark blue) H
ackground noise (in Darl ue) is . .
by consrvaon, g st e | | sk compltay st Resrtion > Presentation of the main results for the Higgs
with unique initial state knowledge is 2.3x wider at 365 GeV. (WS
using: Mz X (\E E,)Z p2 + B)) is 64 at 240 GeV and 26 at 365 GeV .
e leen = mass and the ZH cross section measurement at
——ZH Cross section Higgs mass
+ Machine learning algorithm (Boosted Decision Tree) to 4 Cut on the polar angle formed by the missing energy \/ s—2 40 & 3 65 GeV
perform a model independent analysis using only variables momentum vector to reduce further the Z/gamma (in ) -
linked to lepton pairs. background.
e e e, (| [iqaiaatincaen

—— Fitting strategy
& Afitis applied on the recoil mass distributions to extract _ fEow s 4-200. 088" _ fCowima 12000200
the Higgs mass and on BDT score distribution for the ZH 2. — H
cross section. .

Systematic uncertainties:

+ Beam energy spread

¢ Center-of-mass (Vs)

% Muon momentum scale | |

4 Electron momentum scale | 0.0002) | 0.0002 10, 53 MeV
Tot. systematic unc. | 0.0897 0A1%
Tot. statistic unc. [To3 1425

Result Conclusi &prospects— H .
e, P —— o A ———— Link: https://ichep2024.0rg/

240 GeV 365 GeV | o5 section, for the l-nggs mass

low, the combined analyses bring it down from 3.13 MeV to 2.92
ZH Cross section 0.60% 1.48% MeV. Both analyses are statistically limited. Beam energy spread is
the dominant systematic uncertainty for the ZH cross section and for
Higgs mass unc. 4.0 MeV 24 MeV the Higgs mass the center-of-mass uncertainty is dominant.

References Contact information

e semmr ICHEP 2024 .
i:,\.x;,.,:.;m.,,:i..h.: Al otond NN DEWYSPELAERE Kevin
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Conclusion

significance
NG 240 (10.8 ab™ 1) | 365 (3.0 ab™ 1) | 365 (10.8 ab™ 1)
o 64.3 26.1 49.52
ete 47.4 27.0 51.23
Statistical uncertainties
Combined 0.592% 1.423% 0.750%
Stat+4Syst uncertainties
Combined 0.599% 1.482% 0.781%

\E
)‘ 5

With the same luminosity, we have 1.3 times less significance for p*pu~ & 1.1 times more for

e*e” at 365 GeV compared to 240 GeV, because the background is smaller for e*e”

2.3 times less resolution for each channel at 365 GeV

Stat+Syst uncertainties with 10.8 ab™ would be 0.781% by combining channels at 365 GeV

Analysis is statistically limited. Beam energy spread (BES) is the dominant systematic
uncertainty for ZH cross section analysis

14
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Thank you for your attention
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Boosted Decision Tree

Using a Machine learning algorithm to separate signal
and background, a Boosted Decision Tree (BDT)

The BDT allows for a model independent analysis

J ‘ "
BDT Score comparison between 365 and
240 GeV

This BDT score is fitted to measure the ZH

cross-section value
> Training_variables for BDT:

FCCAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes)

Variable Description

. =P80 VLA A M bt @ L0 ) WAL A At At s

§ 107 Is=240.0GeV 20984 e'(e)z § '0°F (s=23650Gev 7160 e'e)Z 3

Do i 3 L=10.8ab "’ 4902 [ W'W 3 F L=30ab"’ 22 ERW'W B

Dyt epton pair momentum E 3

€4 ete 5 ZH »e'e + X imse2 Rare [ e'e 5ZH - e’e +X aw Rare ]

2 6 sel Baseline_no_costhetamiss + 5 sel _Baseline_no_costhetamiss +

0 ete Lepton pair pOIar angle 10 Signal integral=49614.1 26078 TYee e 10 E  Signalintegral=5576.0 ¢ Tyee ... 3

s ) Background integral=1044800.1 879541 Ziy—e'e E  Background integral=37178.3 24527 Z/y—e'e A
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BDT score comparison at 240 GeV (left) and 365 GeV

(right) for u"u” channel with basic selection cuts
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kA Invariant Mass and Recoil Mass distributions \i

Fg:CAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes) ) ‘ <@

- e B e e > Events basic selection:
3 o 5=2400Gev w746 e©)z 3 F2000L (s = 365.0 Gev B0 eNe)Z ]
b F L=108ab"’ 182770 [ W'W B ~22000F L=3.0ab”’ ss702 EAW'W . . .
S Fee—sZHoe'e+X sow mmRae ] S e s ZH se'e +X o mmRawe ] 1 Pre-selection (2 leptons opposite sign)
:,E, 400 |~ sel Baseline_no_costhetamiss 102490 yyee - ‘520000 [— sel Baseline_no_costhetamiss 3516 yyee' =
3 350:_ :fz;:;iirifglrsafégssmm 2776108 Z/y— e'e g18000?— gfc’;;’r’:::ri’i::g’r:i‘ziﬂﬂQs 133180 ZIy—> e'e'_f 2' ml+l_ € [86! 96] Gev \/
. [ Significance=33.9 76669 [l 22 = E  Significance=25.3 10596 [l ZZ E -
Invariant s00F- oro2t — (@6 H ] 16000~ 73 — Z(@eH ] 3. P+~ €[20,70] GeV (>20 for Vs=365 GeV)
E 7 14000 .
Mass 240 GeV: | 365 GeVl 4 Miecon € [120,140] GeV
Distribution g - E 12000 E
2000 . 3 10000}~ 3 > WW negligible at Vs=365 GeV
150F- ., E 8000 [ | = : H
E E 6000 E- . A - The cut on the mass is removing them
E ; ] E ] ]
100 J - ! 1
g 1 — 000 y =
50 A F F g 7 . . .
: ] 20001 Jlu 1 e > Resolution 2.3 times wider at Vs=365 GeV
C. L P ) |
0 50 0 50 100 \155 200 5;. 0
+ -
m, [GeV] m, [GeV] . ege .
‘ H'H > Significance (S/sqrt(S + B)) is ~26 at Vs=365
FCCAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes) GeV vs. ~67 at \/S_z 40 GeV fOf‘ lflv( an d
’ . -
. ROV AR e AN e . MAa ARae i _ :
Recoil 8a0000 F iy ol o mEWH o | O el iV e T ~27 vs ~47 for e'e” channel with the basic
N ete’ -5 ZH »e'e + X R i b ete’ 5 ZH »e'e + X R b .
Mass 1000 & oo oaroonis e Wl ree ]S 1400 coseetn o coorwamts e 3 selection cuts.
Di t 'b t' £16000 gf;zlrl:ji’f::;:/j:1Zmaon.r 879541 Zy— e'e ] H zag;ag,:l:ﬁgf:;;ﬁ;was 24527 ZIy— 5‘975
Istribpution 2 Significance=47.4 ass19 M Z2Z o] @ 1200 Significance=27.0 s037 M ZZ —
= 14000 10614 — Z(e'0" ot w75 —Z(ee)H
12000 240 GeV = 1000 365 GeV ]
10000 3 800 -
8000 3 d
C ] 600 5
6000 4 gl
F | 400 =
4000 [~ e ]
2000 - E 200 S
120”1‘2}”;2'1 126 128 130 132 134 136 138 140 120 122 124 126 128 130 132 134 136 138 140
Z leptonic recoil [GeV] Z leptonic recoil [GeV]
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events

events

BDT score for g*g- and e*e” at 365/240 GeV

FCCAnalyses: FCC-ee Simulation (Delphes)
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FCCAnalyses: FCC-ee Simulation (Delphes)
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Cut used:

- two leptons

- opposite sign

- one lepton required to be isolated
- cutonZ mass [86,96]

- cutZmomentum > 20 GeV
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19 Thesis project \i

= FCC indirect probe higgs self-coupling measurement ,‘
4

> As an extension of my internship, | will work on
an indirect method to measure the Higgs
self-coupling in the FCC feasibility study

> Using the same Recoil mass method and by
considering Next-to-leading order diagrams,
the curve gives the impact of the self-coupling

Next Leading Order vertex corrections of the ZH process

250 ' - - - diagrams on the cross-section as a function of
20! NLO the centre-of-mass energy relative to SM rate
1.5} ] > By comparing 240 & 365 GeV centre-of-mass
(. %1 10 analyses we will be able to extract the
5, [l 104 ] LO self-coupling parameter
0.5} ]
/ > Because the Z leptonic decay is statistically
0.0 limited, we will consider other Z decay channels
~05kes , , , , such as bb, cc quarks... and combine them
250 300 350 400 450 500
Vs [GeV]

Corrections to ZH cross-section for a given variation in the self-coupling, 6h ,
as a function of the centre-of-mass energy
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Back up slides: Higgs potential

> Ascalar field, the Higgs field present throughout the
universe, with a non-zero vacuum expectation value

> Fundamental matter particles acquire mass through
their interaction with the Higgs field

> Measurement of A is crucial to reconstruct the Higgs
potential and therefore test the Higgs mechanism

. . . — 1 242 1 4
> “Mexican” potential, vacuum expectation Vig)= Pla ¢ +Z’1¢
values leads to spontaneous symmetry breaking

Mass term

D W2h2+ vk + %/14
/ \ ) IN. 7 .

H----- “ K; = Agnn/Asm ‘

g i —_ M
self-coupling
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Back up slides: Future circular collider \i

> An Higgs factory, 1 Million events production at 240 GeV and 200,000 events at 365 GeV centre-of-mass. ) ‘ >
Expected precision on Higgs couplings to SM particles at the sub-percent level.

> FCC-ee will provide a first measurement of the Higgs self-coupling to ~30%
> Different center-of-mass energies: 91 GeV for Z, 160 GeV for WW, 240 GeV for Higgs and 365 GeV for top pairs
> The FCC-ee tunnel will be re-used for FCC-hh, proton-proton collisions at 100 TeV in the c-o-m.

> Study on Higgs properties, search for Dark matter, Electroweak, Top and Heavy Flavour physics.

Collider HL-LHC ILCas0 CLIC3g0 LEP3240 CEPCys FCC-een40+365

Lumi (ab™!) 3 2 1 3 5 5240 + 1.5365 +HL-LHC

Years 25 15 8 6 7 3 +4

8T/ (%) SM 3.6 4.7 3.6 2.8 2 13 | Comparison of nggs boson
sgvzz) guzz (%) LS 0.3 0.60 0.32 0.25 0.2 0.17 0.16 Couplings eXpeCted from FCC-ee
Sgrww/ gaww (%) LY 7 1.0 1.7 14 1.3 043 0.40 data and Compared to those from
Sgumh/ grvb (%) 37 1.7 21 1.8 1.3 1.3 0.61 0.56

88Hee /gree (%0) SM 23 44 23 2.2 1.7 121 1.18 HL-LHC

S8Hgs/ gHge (%) 2.5 22 26 2:1 15 1.6 1.01 0.90

Sguee/guee (%) 1.9 19 3.1 1.9 1.5 1.4 0.74 0.67

SgHmm/ grpp (%) 43 14.1 n.a. 12 8.7 10.1 9.0 3.8

bgryy/ ghyy (%) 1.8 6.4 n.a. 6.1 3.7 4.8 39 1.3

Sgnu/guu (%) 34 = = = - - - 3

BRExo (%) SM - =21 ol B = 1.2 = 1.2 <10 < 1.0 DEWYSPELAERE Kevin
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Back up slides: Boosted decision tree \&

fail

fail

Graphical representation of a decision tree. Blue
rectangles are internal nodes with their associated
splitting criterion; leaves are terminal nodes with their
purity.

]

)‘ "

Decision trees: it consists in extending a simple
cut-based analysis by continuing to analyse events
that fail a particular criterion. Many, if not most,
events do not have all characteristics of either signal
or background

Tree boosting: Boosting is a method of combining
many weak learners (trees) into a strong classifier.
We are giving weight to trees relative to their
accuracy.

After each iteration each data sample is given a
weight based on its misclassification. The more
often a data sample is misclassified, the more
important it becomes.
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23 Back up slides: b-jet identification \i

A
4
> Ajetis defined as a collimated spray of stable particles arising from the fragmentation and
hadronisation of a parton(quark or gluon) after a collision.

> @oal: discriminate b-jets vs c-, light quark or gluon jets

> Tracking information such as impact parameter or secondary/tertiary vertices

> Use of algorithm such as MV2 for boosted decision tree based and DL1 for deep neural network

b-jet

> Measurement of b-tagging efficiencies using transverse
momentum

> Charged particles are governed by helicoidal trajectories “ _

due to the influence of the solenoidal magnetic field JNNV
Vertex
(77 o :.'.
Prompt /%
Tracks

Jet
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Back up slides: Higgs mass analysis N

9 ‘ "
The missing momentum is defined by the

negative vectorial sum of the momenta of all
reconstructed particles: 5 . Z Do

Pmiss = —

Npart

Omissing is the polar angle of the missing
momentum vector with respect to the beam
axis

The requirement |cos Omissing| < 0.98 is
used for the mass analysis only, which means
that we are removing events mostly collinear
to the beam axis

This cut is used only for the mass analysis
Significance (S/sqrt(B)) is ~49 at 365 GeV, vs.

~102 at 240 GeV for p'u and ~44 vs ~84 for
e'e channel

24
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25 Back up slides: Considering HZZ coupling N

l

|— 0240=0.4%, 6°=1%

100¢ TLEP240+350GeV

50} HL-LHC
ILCITeV \ \
— \ \
§ 0 CiTev-LU  \ [\
< Y
\ \
\
=501
—100¢

15 =10 -05 00 05 10 15
0z [%]

Indirect elliptic constraints possible plot for the
two coupling parameters dh and 6z

]

9 ‘ "
We need to take in consideration the HZZ

coupling parameter that is linked to the Higgs
self-coupling parameter in this context

In the case of a ZH cross-section measurement and by
considering NLO diagrams, we can constrain a linear
combination of the deviations of the two couplings:

6240 =100 (267 + 0.0146,) %

Combinations of precision associated production
measurements at different center of mass energies
may be used to determine ellipse-plot constraints on
the combined parameter space of 8Z and &h

DEWYSPELAERE Kevin



26
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Back up slides: Systematic uncertainties .

FCC-ee simulaon ZH, Vs = 365 GeV, 2.3 ab™’

w0

Js00— ee — BES__Nominal
Beqof —BES_Up

2 — BES__Down
Ha00—

1200 —

1000 —

g 1

’ .J ‘ IIIII

BDT Score

Effect of the beam energy spread uncertainty (£10 %)
on the Z(e, e)H recoil mass distribution

A
Beam energy spread: Uncertainty coming from
the accelerator equipment, spread of the

nominal gaussian distribution of the beam. 1%
at 240 GeV and 10% at 365 GeV.

Centre-of-mass (Vs): Uncertainty on the the
centre-of-mass energy which is expected to be
known at the 2 MeV level for 240 and 365 GeV

Lepton momentum scale: Uncertainty on the

momentum of leptons measured assumed to
be 10™° for 240 and 365 GeV
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Efficiency (%)

Back up slides: The Rocinante detector S

~ @ o2} ©0 ©0

(6, o (6, o (4]

2]1]][[
.)/.

~
o

(2]
%]

L

o2}
o

— Geometry D

— Geometry A
— Geometry B
Geometry C

Geometry E
—— Rocinante

°||||||||||||

PR I R S | L.
2000 4000 6000
v Energy (keV)

Total efficiency comparison between Roc
proposed geometries

L3 5 .
8000 10000

inante and all

]

Rocinante detector made of 12 crystals of s ‘ 4
barium fluoride (BaF2)

Improve the geometry by adding light
protection teflon and aluminium cover

Include Lanthanum Bromide (LaBr3) more
efficient modules

| used Geant4 simulations to study 5
geometries to keep the gamma detection
efficiency as close as possible to the original

We found that the C geometry was the best
because it retained a similar efficiency to the
original and did not have the geometric
drawbacks of the others.

Finally | also aimed at finding a new geometry
in order to widen the hole without cutting
crystals
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Uncertainty breakdown on cross-section measurement

BES 1%
(0.089315 %)

s + 2 MeV
(0.042400 %)

Muon scale (~10 '5)
(0.000198 %)

El. scale (~10 %)
(0.000156 %)

Syst. combined
(BES 1%)
(0.089326 %)

at Vs=240 & 365 GeV
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240 GeV, 10.8 ab™
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