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iggs: Introduction

Main Higgs Production
Mechanisms at FCC-ee:
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250 |— : — e > HZ —
: —WW > H . » ZH production
200 |— . “Higgs-strahlung”
150 |— =
S > Vector Boson Fusion
of E WW dominant
863— Hﬁ?éoﬁ—fzfg _I_I;g(?_ - I2tI301 I I3(l)0l I ISQOI I 134I10I l l3(I50i l I3tI301 l I400
Vs (GgV)
240 GeV 365 GeV
Working point ZH tt
Vs (GeV) 240 340-350 | 365 InCIUde 365 Gev
Lumi/TP (10% cm s 1) 5.0 0.75 | 1.20 fh ~DA10
Lumi/year (ab~1) 2.4 0.36 0.58 Galn 23 /0 ZH events
Run time (year) 3 1 4
1.4510° HZ 1.910° tt o _ _
Nuiidhai ol aveits + +330k HZ Luminosity at 240 GeV is expected to be improved by 50%
45k WW — H | +80k WW — H Because of new proposed optics
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Vs = 240 GeV Gregorio Bernardi

H iggS maSS L=72ab™ Jan Eysermans
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% Current best from LHC dmy ~ 100 MeV DOI 10.17181
% At FCC-ee, Higgs mass will reach MeV level accuracy, (I'y ~ 4.1 MeV)
<+ Electron and Muons final states: ete™ > ZH » 171" + XX, (Z » utu~,e%e™)
o M....i from the Z production without measuring the Higgs production final state
recoil
g 2chcf ﬁf"\’: ij:: je\; 7]2 ap™ 5 Q;C(\:-ee S\imulationl -@=24o GeV, 7.2Iab’1
| — o a7 R o
FCCAnalyses: FCC-ee Simulation (Delphes) 1:4§ \w \ = h _, :jf _\ vwe*e: S AR Melvl
W B S 1| R 1 VA S| /]
g "% s -2400Gov o o\ L/ J RN [/
‘§4oooi L‘j*e,_'_’z ~uw X -;ire 1 o.sf \\ // 0.8E \\\ ///
) "lrecoil_zwmH oo \\\\\\ /// 06 \\ //
distribution - o\ \\\\\\ //////
2000~ for f|t ] 02;‘ L L 0'25
12409 124.995 125 125005 12501 18499 124.995 125 125005  125.01
Stat-Only ™ wisyst. ™Y
\/§ m — 920 122 124 126 128 130 132 134 136 138 140 . .
_ o e Zleponc ool 1 Uncertainty Stat-Only, and w/ systematics:
Higgs mass, Fit with analytic shape > Higgs mass: 3.1 MeV > 4.0 MeV
» Signal Shape: 2 Crystal-Ball with Gaussian core
» Backgrounds modelled as polynomial (3rd order) Dominant Syst. Unc. :
» Signal and background injected in Combine, my as POI Centre-of-mass with ~ 2 MeV
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https://new-cds.cern.ch/doi/10.17181/jfb44-s0d81

\/s =240 GeV  Gregorio Bernardi

H iggs mass L=7.2ab 1 Jan Eysermans
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Some extended studies performed regarding detector effects DOI'10.17181
| Combined
> Assuming “perfect” (generator-level) Nominal 4.01
momentum resolution _
|deal resolution 3.33
» Nominal 2 T magnetic field - 3 T — _ _
( stronger field — better tracking ) — Magnetic Field 3T 3.54
500 FCCee simuiation /s =240 GeV, 7.2 ab™ ,FCC-ee simuiation Vs =240 GeV, 7.2 ab™
I A T T S W N [T
E 450F Muon final state. Z(u u-)H . g 1.8} Mirﬁir:;IEs;a;e Z(u:u;):8(3at~/+3yst-) .
ié 400; A‘ -_iDEA perfect-resolution ; 1.6; —— IDEA p:eTfic;résolutiZn 8(m,) = 3.95 MeV
Lq>IJ) 350; lﬂ] ::352 ?(j)-[[) silicon tracker ; 1'4? :\ :g\E%\ZII:s(;nilﬁ::n‘lt.rza\ixj\;(mh)=6;JI7;/|ev/
300F 1.2F
osoF A : \\
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| S\
Feedbacks to the Detector ™ \ \\\{\\\ ///%

Design from Analysis
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https://new-cds.cern.ch/doi/10.17181/jfb44-s0d81

Vs = 365 GeV Gregorio Bernardi

Higgs maSS at 365 Gev L=2.3ab™ Jan Eysermans
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FCCee simulation
[TTTTTTTTT T TTTT [ TT T T TT T T TT T TT T TTTTTTTTTTTT

0.01
0.009 - f\ Muon final state Z( uu)H

% At /s = 365 GeV
> Reduced statistics | \

> Broadened recoil distribution |
0.006 ! \
/

Events

» 365 GeV only: 24 MeV uncertainty on
Higgs mass 004 | \
» Combined with 240 GeV brings it down R el
from 3.13 MeV t0 2.92 MeV (Stat-Only) = /1

0001~ i .
0/ i e (S :
~7% improvement oz Vs vzi 125 126 1y iz e a0 At a2

Recoil (GeV)

Preliminary
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DOl 10.17181 Gregorio Bernardi

Total ZH production cross-section

Measure the ZH cross-section in a Model-Independent way zz
» Unique to electron-positron colliders because of known initial state "

» Challenge to ensure model-independent .

» Once know, determine couplings to H — XX in a model independent way N

— 2 X 2 bb

6, XBr(H — XX) o 9Huzz X 9Hxx ’

H R moveAverage

At FCC-ee ZH cross-section is expected to ~0.5 % accuracy COf Omiss CUL

Jan Eysermans
Ang Li
FCC-00 smuain (5 =240 GeV, 7.2 ab™
Decay-
mode-
dependént

->

——

1 1 1 1 1

5\\\ 60 \65\\\\70\\\\75\\
Selection efficiency Z(uru)H (%)

> ete™ » ZH - 1T1- + XX, (Z » putu-,ete™) ] FCCAnalyses: FCC-ee Simulation (Delphes) FCC-ee simuaion |5 =240 GV, 7.2 ab”
: 15 2400 Gev WZVZ Decay-mode- +
» Remove Decay-Mode dependent | R »| independent
event selection 2 cos O,y . [
» Introduce BDT approach to keep "
decay-mode independency o
» Fit BDT distribution . | ]

-3 L L
0O 01 02 03 04 05 06 07 08 09 1
Ang Li BDT Score

Selection efficiency Z(u*u)H (°/?


https://new-cds.cern.ch/doi/10.17181/jfb44-s0d81

Gregorio Bernardi

Total ZH productlon cross-section . eysomans

240 GeV 365 GeV. Ang Li
Kevin Dewyspelaere
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Vs = 365 GeV, 1.10% 365 GeV has

_1 . 5
2.3 ab (preliminary) > Worse resolution
» But Negligible WW background
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https://new-cds.cern.ch/doi/10.17181/jfb44-s0d81

DOI 10.17181 Jan Eysermans

H ig gs Wi dth L =5 gp-1 Nicolas Morange Michele Selvaggi

Combes, Ines Aman Desai
Measuring the individual H - XX decay modes gives access to Higgs width (I'y)
> At 240 GeV, measuring H — ZZ (ZH) _ _
> At 240+365 GeV, measuring H — bb (VBF) Inclusive ZH cross-section
> Expected precision I'y~1% /
g(ete™ - ZH)?

ZH — ZZZ* at 240 Gev FHOCJ(g"'e_—)ZH,H—)ZZ) :

o 3 categories, " TR
o BDT for classification, s o / |
o 4.6% precision on I'y R e
7 znz'G)
> llqqqq,

o particles from the decay of (low > 4999949 |
energy) Z and Z* are mixed in the © BPT to c;lasgfy the gvents
theta/phi plane o Signal significance is 5.01
I o 12.4% precision on Iy
Ang Li


https://new-cds.cern.ch/doi/10.17181/4wxpk-1zy78

Top mass/threshold scan

. _ _ NNNLO variations oty 2022
e t :é_ 1.4 [ tt threshold - m{® 171 5I GeV | —
< - —QQbar_Threshold NNNLO —FCC-ee 350 LS only 1
Zly' 5 1.2 ~ —ISR only —;(EC_-ee. 359 LS+SR
% 1 _— ring circumierence —_
w 1T i
S i
o 0.8 [ was’ Y ]
e t 0.6 ]
0.4 .
> Relative large uncertainty on top mass (+/- 0.2 ementaton of comectons -
0.5 GeV from HL-LHC) N
. _ 340 345 350
» Baseline Run plan: s [GeV]

o 1 year threshold scan 340-350 GeV in 5 GeV
window: total ~ 1.4 ab-1
o 4 years at 365 GeV: total ~ 2.3 ab-1
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FCCAnalyses: FCC-ee Simulation (Delphes)

Top mass/threshold scan “f
", q

Events

108

¢ W’ v, q’ Signal °I
ete” - WbWb 1o

Background
ete” > WW

b

10°

10?

2 Categories
> Lepton + jets
» Full Hadronic

10

]- ~80% of total branching ratio

Events

BDT to separate Signal and background

> Extremely pure e*e™ - WbWb sample can be obtained

Ankita Mehta,
Matteo Defranchis

Ang Li
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FCCAnalyses: FCC-ee Simulation (Delphes)
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CKM matrix V

Vekm = VEVET =

I Ang Li

Xunwu Zuo et al

dr,

I* q —9 T +
’ _ (U’La CL, tL)/y'u W,u VCKM SL
v, q' V2 by

> From PDG, | V,| = (41.5+ 0.9)x 1073

S Measured from B, mixing
Dominated by theoretical uncertainties
» Model independent at FCC-ee
> With 1.9x10° tf events
Vus Vo 1.9x10°%x2x| Vig|* ~ 6400 t - Ws events
ViV, Vg Assurr;ing gootd S-I_aggir]lgv\?ffif[:_i”ency(?rt;d
vio TV 1V, correct reconstruction of W, still nee
td b rejection below 0.1%
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Summary

** Higgs physics

v' Higgs studies mainly at /S = 240 GeV, 365 GeV as a complementary point
Higgs mass uncertainty reach 4 MeV (at 240 GeV), ~24 MeV (at 365 GeV)
ZH cross-section reach ~0.69% (at 240 GeV), ~1.10% (at 365 GeV)
Higgs with has been done in different channels, Combining more channels
More and more analysis start looking at 365 GeV opportunities

N NN

* Top
v Top mass/threshold scan, BDT has very good background rejection
v'CKM matrix V;; measurement has started

I Ang Li 13
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FCC-ee

— CDR baseline runs (2IPs)

FCC-ee Physics Runs Ordered by Energy

Z WW ZH t ~ Total
integrated
30 90 30 12 5 0.2 15 luminosity

: ' (ab-1)

— >
| | E
157.5 162.5 240 340 350 365 nergy
88 91.2 94 . : (GeV)

Z lineshape W mass and width
QCD ; ; top EW couplings
N, Higgs couplings :
flavour sk R Mwop  Higgs VBF production Physics
rare decays @QCcb ] ("'n and Higgs couplings improved) highlights
dark sector flavour (e.g. Vob)
# events
13 8 6 6
0(1013) 0(109) 0O(2x106) 0O(2x106) @ IPs)
£ ¢
E=] 23 T T T T EW sector
885
(7] =
% % g g T T T T Higgs sector
o o=
R

Ang Li

! ]

sensitivity to Higgs self-coupling via quantum effects
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Detectors - IDEA

Preshower

DCH Rout = 200 cm

DCHRin = 35cm

| Detector height 1100 cm

CalRin = 250 cm

CalRout = 450 cm

Yoke 100 cm

Magnet z =+ 300 cm
* conceptually extended from the CLIC detector design * explicitly designed for FCC-ee/CepC

* full silicon tracker * silicon vertex

e 2T magnetic field ® low Xp drift chamber

® high granular silicon-tungsten ECAL ® drnift-chamber silicon wrapper

* high granular scintillator-steel HCAL * MPGD/magnet coil/lead preshower

* instrumented steel-yoke with RPC for muon detection * dual-readout calorimeter: lead-scintillating/

cerenkhov fibers
* uRwell for muon detection
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Top mass/threshold scan

0.9
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0.7
0.6
0.5
0.4
0.3
0.2
0.1

cross section [pb]
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tt threshold - QQbar_Threshold NNNLO

ISR + FCCee Luminosity Spectrum

— default - m® 171.5 GeV, T, 1.37 GeV
m, variations = 0.2 GeV

— I'y variations = 0.15 GeV

z simulated data points
20 fb™' / point
preliminary
based on EPJ C73, 2530 (2013)

ll!lllllllllll[llll|lllllli lllllllllllllllllllll

l 1 L I ' l A I 1 A l '
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340 345 350
/s [GeV]
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Higgs Width

HZZ events, after selections, Durham-kt N=4
Reconstructed masses: m(Z)=73.4 GeV, m(Z;)=28.3 GeV, m(H)=125.3 GeV

# Truth particles from on-shell Z + Truth particles from off-shell Z
Jet 1, 36 constituents Jet 2, 26 constituents
+ Jet 3, 18 constituents Jet 4, 26 constituents
-
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