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boson :

Standard Model
prediction

Essential property of the
Higgs boson
=> directly linked to its
decays so potentially to
new physics!

| W|dth of the order of MeV => impossible via direct |
I measurement through lineshape |

Model-dependent
(HL-)LHC - measurement

proton-proton (theoretical assumptions)

electron-positron measurement

FCC-ee ) [Model independent




Higgs factory (ZH) at \/s = 240 GeV

6
Nexpected ZH events ™ 10

for a luminosity of 5 ab™ for the ZH
run in these studies

[

2
Oz X g~

=> direct measurement of ZH
cross section in electron-positron
collider (initial energy known so
\access to recoil mass) /

~




Specific decay of the Higgs : H(ZZ*)

« BR(H — ZZ*) ~ 2.64%

I

Nexpected ZH(ZZ*) events ™7 25000

Link between Higgs’ width
and ZH,ZZZ cross section



Higgs' width measurement and its uncertainty

2
Oz

FHO(

OZH(ZZ*)
/ N

60' *
~ 0.1% ZHEZ) 5 1%

(SO'ZH

the uncertainty on the width OZH(ZZ*)

is the one on the ZH(ZZ%)
\ cross section in first
approximation



€

BR(Z — ee/up) ~ 6.7%
BR(Z — qq) ~ 70%
BR(Z — vv) ~ 20%

et

Notation:
Z(xx) Z*(xx) 7%

What has been l studied so far?

4 leptons final states (all combinations with either vv or jj)

Mixed final states (3 combinations of ll+jj+vv)
e One4jets final state (challenging)



Common features 4| + X final states lI+jj+vV final states
Object reconstruction, samples, Cut-based analysis, and Cut based analysis and BDT-based
backgrounds combination analysis, and combination

Impact of systematics  Challenging channels

Background normalisation and Encountered challenges for
neutral hadron energy resolution some 4l and 4j channels



__________________ c .S n
0w O
= g0 Q
O E3%
Oam
................. O




Common object reconstruction

| - Pair of (high momentum) leptons coming from on-shell or off-shell Z(s)

I

I

I

I

! => For on-shell Z(s), pair(s) of same flavor and opposite sign leptons both passing the selection
| 25<p<80GeV reconstructed by taking the lepton pair with the dilepton mass closest to the Z

i mass. In the 4l case, if the other Z is off-shell, remaining same flavor and opposite sign leptons
| with p>5GeV.

I

I

I

\

| - Jets (coming from either the on shell or off shell Z of the Higgs)

=> Jet reconstruction with Durham-kt algorithm in the FCC Analysis framework, njets mode with
njets =2 (or 4 in 4j case). Hadronic Zs reconstructed picking the pair of jets with the dijet mass
closest to the Z mass (and building its 4-vector), and building the off-shell Z from the leftover jets.

- Neutrinos

I
I
I
I
I
I
I
=> Preselection to select the right number of leptonic Z depending on the considered channel :
I
I
I
I
I
=> extraction of missing energy, missing transverse energy, missing z-momentum :



Backgrounds for ZH(ZZ*) and samples [

Most (e 77 H— 171"
abundant WW H— qq
e ZH with all other Higgs’ decays : H—gg
H— vy

H—WW

Expected number of signal and background (in this study for 5ab-1):

Number of events for L = hab™"
H(ZZ) | 77 WW H(WW) H(bb) H(r7) H(other)

~ 26 400 ~ 6.8 10° ~ 82 10° ~ 215000 | ~ 577000 |~ 63200 ~ 90 000

( Samples: l
1 FCC-ee winter2023 production with IDEA Delphes datacard |

I ZH: Whizard+Pythia6 '
| ZZ/WW: Pythia8 '



final states

Work done by Hind Taibi (with Marco
I i Delmastro and Olivier Arnaez, LAPP, Annecy)

Note: every figure in this part is taken from her work

(;’ Hind’s internship presentation

E 4 leptons (4l + X)

—— + Few points on a similar new studies done in the Bari group! 11


https://github.com/hindtaibi/FCCAnalyses_Hind/blob/main/Presentation.pdf

Consider every (6) possible combinations
of 4 leptons + either vv or jj

I’Analysis/r‘esults:
| => cut-based
| using recoil mass, dilepton mass,

\
I
|
.- |
| missing energy, ... )

Uncertainties obtained with
individual fits and combination of
4 out the 6 channels




Main selections

Two Z (1) &
no Z'(ll)

ZH,H(ZZ)

One Z(Il) &
one Z* (1)

( First selections for eacm
channel based on
essential features of
their signature

e Ensuring orthogonality

between channels for
\ the combined fit -

= . Ty,
]]
vy
PR vy
A>0 ljjll
jjll
- it <
[[V;;Z miee € [123,127] GeV llvvll
vV
E™iss > 8 GeV llVV”
vvlIll
vvlll

with A = [125 GeV — mF¢| —

mifc ¢ [123,127] GeV

1125 GeV — mj°© I
J



‘Clear’ channels

Main selections
E™iss < 8 GeV 1 ULj
“ llvy

Tno g'(éj?)& E™iss > g GeV q vy
ZH,H(ZZ) - A>0 H Ljjll

= Ll
onezana \ [ 11jjl V sco i

one Z* (1) ]]llll JJ
( First selections for eacm A mi;© € [123,127] GeV

vvllll lvvll

channel based on llvvll

essential features of e [
their signature vvlll

e Ensuring orthogonality

between channels for
\ the combined fit -

mifc ¢ [123,127] GeV

17

with A =125 GeV — mI$¢| — [125 GeV — mJ© I
J



4 clear channels - variables used for their fit

FCCAnalyses: FCC-ee Si ion (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes) Channel S/ B S/ B
g FT T s e | 21230 Z5(ig) |~ 15 )~ T
S | s=-2400Gev =§,::n)) R - — R I Z1(1)Z2(37)Z3(ll) | ~0.95 | ~6.2
g 10 L-Sab” Hzn 3 2 -5 e 3| 70 (j5) Z2 (1) Z3(ll) | ~3.1 | ~10.9
3 [ #ozz =§:§§<;’)) ] e i zH —a»bzzz =§:(;m - I 1(49) Z2(ih) Zs (11
[ Sel7gu ZHgg) o2 10 E seq,, Z‘H:gg)) 3 1( )ZQ(”)Zg( ) ~ 075 ~ 29
e z Mass of the 2 ; = —— — —
E - ww : - . ww
g —signal lepton pairs 102k — kgl .
1ok ] cutflow Mass of the 2 lepton |
: E 10 3 airs .
_ - . : : p
E FCCAnalyses: FCC-ee Simulation (Delphes) 1= < "
N T : 3 Z(vv)Z(I)Z*(lN) |
o e - s 13(1 g [GQJ]% g 104:_ Vs = 240.0 GeV =§:f‘$~) _: 15 '12|0l '12|5' = '13|o' — '1c15' 140 FCCAnalyses: FCC-ee Simulation (Delphes) .
Z(NZ(i)z*(I i g Ty |
E HZy) o g E (i .
(IhzGnz=(h w2 CHE ZINZANZ*(j) ¢ | Epeos =i |
Mass of the jet pair : mz o' 2H > 222 —rn o
and the off-shell Z il — Signal | Recoil mass of the Eo s N
lepton pair F ? first Z lepton pair 102§ ::i':;m + -
(cutflow) 10 - cutflow g |
& 1 10 -
; : |
: : = |
115 120 125 130 135 .
Note: these distributions are smoothed, distributions Mo, 116 118 120 122 124 126 128 130 132 134 I
before smoothing are shown in backup o J

15



| |
[ ] [ ] (]

| 4 clear channels - variables used for their fit i
| .
Fcca : FCC-ee Si ion (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes) ReaCh a gOOd S/ B !
I%, T s hww) 3 ok T e with kinematic |
S ol [5a0ey =i L e e i 1

2 10°: L-5ap" g = P B e ot i ]
! :zs{fzzz mzren § oLz mo | SG|QCtIOn a_nalyses. |
| ol _%:jgg) ‘ Mass of the 2 E 2w (Without using BDT!) |
i — signa lepton pairs 0E e o) .
ok ] (cutflow) Mass of t e 2 lepton |
| ZGNZ(NZ*( “E 3 pairs .
1 ] (IZ(HZ=(l) i (cutflow) |
E E FCCAnalyses: FCC-ee Simulation (Delphes) 13 E % -
. i | & e | 3 Zw)z(hzx(l) |
I i . 1::»“1 [GQJ]% 3 104;_ s = 240.0 GeV =Z:H:n) ) _; o 10 '145"“‘ 40 FccAnaIyses Fcc-eeSlmulanon (Delphes) .
INZGDZ* (I EL=5ab” =gn:;‘;; E oy~ [GeV] g 10“;' T T 7 Howw) I
I Z(IZ(gp)Z*(I) o[ B . ZH) Z(IHZADZ*(j)) B pisenninen — R
10°E s ZH(gg) L=5ab I
; Mass of the jet pair : mz " W'y 2H 222 —pha
and the off-shell Z il — Signal Recoil mass of the g s N
lepton pair - first Z lepton pair 10°E ::i':;m + -
(cutflow) (cutflow) |
’ I
1 = .
: : I
115 120 125 130 135 -
Note: these distributions are smoothed, distributions Mo, 6 118 120 122 124 126 128 130 132 134 I
before smoothing are shown in backup Mo, J

16



Fits and combination
Z(INZ(jj)z*(In) Z(ji)z(nz*()
~ 18% ~ 17%

Z(I)Z(1Z*(jj) Z(vv)Z(INZ*(IN)
~ 18% ~ 36%

Fit results (uncertainty on H(ZZ*)
cross section)

Final result for the width l COMBINE
uncertainty using

kinematic selections: r — 1 :|: 0101

00zH(zz+) Oy

Included systematics :
Ny ————— NNJ ]_ O . 1 % . For jjllll and lljjll only: H(gq)
F normalisation : 10%
O-ZH (ZZ* ) H ° ZZ normalisation : 10%




In , differences
with Hind’s work

Alternative 4l studies

Z(JHZ(I)Z=(I)
Z(vv)Z(INZ*(Il)

H(ZZ*) -> (4l) channel TWOo Channels cliamormtion it Mehels Sewase and san.

studied: Z(jjH(4l) and Z(wv) H(4l)

Samples:

Produced by WHIZARD+PYTHIA for event generation and Delphes (IDEA detector

card) for detector simulation. FCCee Winter 2023 Samples. Events produced

aty/s=240GeV anc L=10.8 ab-.
Backround ->[/£Z/ WVW/ £qq/ HWW/ Hj)/ HZa
Lepton Selection criteria (Same for hadronic and invisible channels):
* First pair of leptons (From On-shell 2)
o Oppositely charged leptons
o The pair which minimises |[M, - M,|
* Second Pair of leptons (From off-shell Z)
o Oppositely charged leptons
o Highest momentum oppositely charged pair of the remaining

e Additional cut for 2e2mu: On-shell Z mass > 60 GeV. This is to remove
contribution from Off-Shell Z leptons.

events / 5.0 GeV

*E (5 = 240.0 GeV

Eysermans

FCCAnalyses: FCC-ee Simulation (Delphes)
S N O B ) T

= Z%vv)H(ZZ)
mZ

F 0Zqq
L L=1fab’ D%&w)H(JJ)
Sete 5 ZH s ptw+ X Shaw

£ No Selection = Z(up)H(Za)

— Z(j)H(4y)




In differences P
’ . . Z@GHpzZahz=
with Hind’s work Alternative 4l studies Zg,j\),)é(|)|)zi(|)|)

H(zZ*) -> (4l) channel Two channels studied: ;?.“‘,:‘.ZF‘C'.”??“];%f;z:@.é T
Z(jj)H(41) and Z(vv) H(4)) - | | WARNING

b o S e =i analyses involve
< some

1 linthe lumiand

1 backgrounds

events /5.0 GeV

H(za)

-ZIIIII‘I(“ )

I

I

I

I

I

Analysis cuts: I
*  Momentum of the softest lepton of the reconstructed 4 lepton: I

P_. >5GeV. e L

«  Missing momentum cut: ) AT o E I
I

I

I

I

I

I

I

I

min

Pue <40 GeVfor Z(j]), Pu..>100 GeV for Z(w) | e s, 5/ B combining
* Visible energy of all the reconstructed particles Signal all types of

excluding the 4 leptons Channel yield ;‘::;; s//(stb) leptons

E. > 30GeV together:

vis

Hind’s
S/B:

\ * Invariant mass of dimuon pair from the Off-shell Z* Z(jj)H(4p) 26 3 4.82

10<M,,<656ev - 3.6 ~4 ~31

4.0
2.496

212 ~2.44 ~0.75
2.21

Z(jj)H(4e) 19
Z(jjH(2e2p) 20
Z(W)H(4u) 9
Z(vw)H(4e)
Z(vv)H(2e2y)

* Invariant mass of the 4 leptons:
124 <M, <125.5GeV

@Ww N b O

Work ongoing in Bari, interesting results upcoming!

e 1
19



final states

Work done in IJCLab (Paris) with Nicolas Morange

Presentation at Higgs/Top performance
y meeting (24.07.2023, Paris)
FCC Note written in 09.23

i Mixed (vv+ll+jj)

20


https://indico.cern.ch/event/1304164/contributions/5508364/attachments/2689382/4666642/Higgs%20presentation%20v2.pdf
https://repository.cern/records/ysabc-wm427

Mixed channels signature and analysis strategy

Study of 3 combinations of
H+vv+jj

(2 types of analyses/results: [
I e Cut-based (backup, from this slide)
' e« BDT !

Uncertainties obtained with
individual fits and combination




recoil

: m.
recoil Ji

m L
visible pJJ

3 mixed channels

mean

EE

selected leptons ang|e

(dijet/dilepton) |6;16;, ™

jet constituents

jet constituents

N!eptons p>1GeV

I
I
| Boosted decision tree classification:

| e Trained on 6 classes (signal, ZZ, WW, ZH(WW), ZH(bb),
| ZH(tautau))

i e Variables shown on the diagram on the right
I

I

I

I

I

leptons p>2GeV N\ min

jet constituents

angle(

e Output: optimal variables for S and B separation
(likelihood ratio)

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

L L B B B

L

IHIV;A'IHIZIZI T | T T T I T F I T T T I
s = 240.0 GeV ww
ZZ

——
B ''H, HZZ
Vs = 240.0 GeV ww
ZZ

—
- Il vvH, HZZ
10*E 5 = 240.0 GeV wwog
F L=5ap" 2z 3 F L=5ab”"

events
events
=)
T
events

L=5ab”

= 4 g s .. [l Hott ] 10° ZH — 277 — utulete +ji vv- Hott 5 g [l Hoto
1oaz_ZH—)ZZZ—»uu/ee+V\/1/-|_HWW - 3 wu TV Howw 10 ZH—)ZZZ—),uu/ee+vvy-HﬁWW
\ E BOT6classes B Hobb 3 Sr BDT 6 classes B H—-bb BDT 6 classes B H—bb
r Il H-gg 107 Il H—gg Il H-g9
102 Il Hoother 3 Bl H-other 102 Bl H->other

— Signal

— Signal

i Signal

o
S
T
ol vl vl el ol il ol
T T — TP T T T TT

2 8 10 12 7 8 10 12

I
I
I
I
I
I
|
Z(Il) Z*(jj) Z()Z(j) Z(IZ*(jj) :
I
I
I
I
I
I
I

Optimal variable Optimal variable Optimal variable

e 1
22
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Fits and combination

I
I
. I
Z(INZ(jj) |
Z()Z(vv)Z*(jj) ~ 10.7% Z(INZ*(jj) |
Fit results (uncertainty on H(ZZ*) cross |
section) |
Cut-based analysis |
l COMBINE | ~ 6.6% I |
il |
Final result for the _ /
width uncertainty r=1+0.046 P |
using BDT: 5 _ |
OZH(ZZ* o'y _-
| o ( ) ~ —— ~ 4.6% <— -~ 30%better |
ncluded systematics : 1—1 ) |
e  H(WW?* normalisation : 5% O-ZH(ZZ*) H with BDT!
° ZZ normalisation : 10% |




Vo — — — — — -

Impact of
systematics




Leptonic (4l) channels

Influence of background normalisation

Included systematics :
For jjllll and lljjll only:
H(gq) normalisation 10%
ZZ normalisation : 10%

Mixed channels

Uncertainty in T'g (%)

Channel 52tat 5EOt
Zilzalmzlyy |t | Hoam
i)z Zemy | TS | AU
2(i5) Za(U) Z(10) | TO180 | FO0
Zu(wv) Za(W)Zs(l) | T | Tosmo

Combination fgég? jg(l)gg

Total

Statistics

H(WW*) normalisation (5%)
77 normalisation (10%)
WW normalisation (10%)

4.6%
4.5%
0.8%
0.2%
0.1%

In both studies, uncertainties
dominated by statistics




Influence of neutral hadron energy resolution

Study on mixed channels containing one pair of jets -> expecting similar behavior
for 4-leptons channels since at most one jet pair too

Ol HITH (%)

20

18 -

16 A

14 -

12 A

10 A

Evolution of 6T y/TH while degrading neutral hadrons energy

resolution
A
A
A
A
A lljjvv channel
A llvyjj channel
wlljj channel
® Combination
A A 4 'y
° ® . ¢
T i
0.5 1.0 1.5 2.0 2.5

IDEA concept detector

Neutral hadron 30%
energy

resolution : \/ F

Small influence of
degradation on Higgs’
width uncertainty !
(combination, red dots)




Influence of neutral hadron energy resolution

| Degradation of precision on 'y (while degrading neutral hadrons energy
resolution)
17.5
I A lljjyv channel A
I 1504 4 llvvjj channel
. s wlljj channel
e i
| < ® Combination
= 12.5 4
I c
o
[=
I .2 10.0 A
[%2]
‘o
L
| 2 s
'&o- .
[
| S
©
; ° 5.0 - ®
& A
8
2.5 -
0.04---@ A
T T T
1 1.5 2.5

Scale factor

Loss of 5% in
precision for the
combination for a
scale factor of 2.5

|

Neutral hadron
energy resolution
does not have a
big effect on
Higgs’ width
measurement!
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events / 0.62 GeV

102

F_______________________

Encountered difficulties in 4] channels

Z(INZ(INZ*(vv)

FCCAnalyses: FCC-ee Simulation (Delphes)
T T T T T
& B ZHww) 7]
Vs =240.0 GeV =§:Eﬂ>) 7
EL=5ab" s
E B ZH(pp) 3
. ZH —» 2Z2Z B ZHZY) ]
o o ZHgg)
- zz
= . ww
C — Signal

| Lol

ILRRRLL

LERRLLL
|

S/B not as good as
the 4 other 4l
channels

=> Contamination
mostly coming from
Z7Z and
ZH,H->tautau

s oy L
100 105 110 115 120 125 130 135 140 145 150

ml’,“’c [GeV]

events / 1 GeV

Z(I)Z(vv)Z*(11)

FCCAnalyses: FCC-ee Simulation (Delphes)

T

3
10°E" s = 240.0 GeV
L=5ab’’
ZH — 277

Sel 64

Tl ELLIT

LR

10

LR RRRL

T T

100 105 110 115 120

e Tautagging would help reduce the H->tautau background
e Use of a BDT could give a good separation as it is seen in the 4j channel i

(next slides)

T[T T T T[T I T T[T [TTTT

125

[T

L8 R

130 135 140 145 150

= ZI,H(W{N)
Il ZH(t7)
Bl ZH(pp)
B ZH(Zy)
I Z,H(qa)
Z,H(gg)
Y4
I ww
— Signal

Ll Ll Lol

vl

m,,;, [GeV]

e e e e e  — t .ttt — 1 — 1 1 — — —t —t — — — J
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Encountered difficulties in a 4j channel: Z(IDZ(jj)Z*(jj)

HZZ events, after selections, Durham-kt N=4

Di-r-ficult to r\each a gOOd S/B Wlth Rec.unstructedmasses:m(ZQ:73.469V,m(Zz):ZS.SGeV‘m(H)zus.SGeV

Truth particles from on-shell Z «  Truth particles from off-shell Z
Jet 1, 36 cor

kinematic Selections for\ thiS Channel S JelS‘isconsmu::; Jet 4, 26 constituents ) confusion

I

I

I

I

I o
X . o . between
| FCCAnalyses: FCC-ee Simulation (Delphes) . . e .
I

I

I

I

I

Jet 2, 26 constituents

) : Le e % e.a R} components
SRR Y SR AR during jet

T e g reconstruction
for signal

LA R I N L L Y L S L L B B

B H->ww

Vs = 240.0 GeV Bl H—bb
B H—cc

L=5ab" .-
ZH — Z2ZZ — p*u/e’e +jjjj ) H—>gtgher

Final selection WW

events / 1.20 GeV

- —n/2 0 +7/2 +r
V74 ¢

— SIQna' Hbb events, after selections, Durham-kt N=4
Reconstructed masses: m(Z)=73.8 GeV, m(Z;)=38.7 GeV, m(H)=127.4 GeV
- Truth particles from on-shell Z - Truth particles from off-shell Z
Jet 1, 21 constituents Jet 3, 25 constituents

Jet 2, 17 constituents Jet 4, 24 constituents

T IIIIIIII T IIIIIII] T IIIlIIII T IIIIIHl

H(bb) events
with 4-jets
topology,
irreducible
background

T III[III|
I 1 lII[III| 1 lIIIIIlI 1 IIIIlII] 1 IIIllIII 1 IlIIIll[

-

o)) /N NERITI
o
o

H
o T IIIlIIl

60 80 100 120 140

Dijet mass of the jets chosen for the on-shell Z [GeV] = -z o o x




events

Encountered difficulties in a 4j channel: Z(IDZ(jj)Z*(jj)

I

I

I

FCCAnalyses: FCC-ee Simulation (Delphes) With a BDT analysis: |

: T | 1T | LI ] LI | | S 2 | | |3 o | l LI | LI | I: "

10°E ‘éVZW o Fit results (uncertainty on |

F V5=240.0GeV —TIN- H(ZZ*) cross section) I

- L=5ab” B HowWW :
104F S A 53 - —

= ZH > Z2Z > pufete +jiji g o COMBINE |

[ BOT 4jets 99 2 I

‘ r=14+0.124 i
= al =

e E ‘ ~ 12.4% uncertainty |

. |

i 7 =>Even if there is confusion, still a good channel |

U3 3 that could give a contribution of the same order of |

g 1 the 4-leptons one to a full combination! |

ould still benefit from flavour tagging for

oot 0288 80 educing H->bb and tau tagging for H->taut I
Optimal variable _Pe_ UEI né _->_ a;n _ai a_gg_lng_oL -_> Eu_au— —I .

e e e e e 4ttt —t — — — J
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Encountered difficulties in a 4j channel: Z(IDZ(jj)Z*(jj)

| |
| |
| |
! FCCAnalyses: FCC-ee Simulation (Delphes) With a BDT analysis: |
I ..(B :l T | 1T | LI ] LI | 1T | 1T l LI | LI | I: ]
& gL ‘;_"ZW » Fit results (uncertainty on |
| 7 F is=2400Gev — H(ZZ*) cross section) |
| [ L=5ab’ e s '
L0z 227 S ptuete + i = o COMBINE |
| E BOT 4jets - = |
ok ‘ r=1%+0.124 |
. o al .
: 102§— E ‘ ~ 124% uncertainty |
s é'An interesting other 4j channel could be '

on-shell Z => more collimated so less confusion

e T e e 10 would be expected between the components!

Optimal variable S l .

e e e e o t — — — —t —— — — — —t — — — — — — — — — . — J
32

l
: |
11 Z(G)Z(§J)Z* (1) where the 4 jets come from : |
|
|



Conclusion

Higgs width uncertainty estimation : 10.1 % for 4-leptons channels.

Higgs width uncertainty estimation : 4.6 % for mixed channels using BDT.

Overall, 4% is easily reachable (naive combination)!

Low impact of neutral hadron energy resolution on Higgs’ width measurement
(analysis without BDT)

Low impact of background normalisation systematics on Higgs’ width measurement
Ongoing: 4-leptons channels in the group in Bari!

What could be coming next ?

e Combining them all |
e Adding other mixed channel, 4j, or others! I
e Implementing BDT for 4l channels, especially for the ones not used yet :
in the combination I

e Flavour tagging implementation to reduce H->qq backgrounds '
. . I

e Tautagging implementation to reduce H->tautau background |



Conclusion

Higgs width uncertainty estimation : 10.1 % for 4-leptons channels.
Higgs width uncertainty estimation : 4.6 % for mixed channels using BDT.

Overall, 4% is easily reachable (naive combination)!

Low impact of neutral hadron energy resolution on Higgs’ width measurement

(analysis without BDT)

Low impact of background normalisation systematics on Higgs’ width measurement

Ongoing: 4-leptons channels in the group in Bari!

What could be coming next ?

Combining them all
Adding other mixed channel, 4j, or others!

A sensitivity of around 1-2%
seems at reach combining
these efforts and new ideas!

Implementing BDT for 4l channels, especially for the ones not used yet

in the combination

Flavour tagging implementation to reduce H->qq backgrounds
Tau tagging implementation to reduce H->tautau background






Measurement method of the width at the LHC

|

|

I

|

| e Indirect measurement at the LHC: off-shell Higgs production
i Assumptions ! No Q? dependence of the Higgs couplings, as in the SM
|

|

|

|

I

|

|

|

|

|

|

|

|

H Ovv—sH—40 X FH \ |
--------------------- Hofishen _ T |
|

|

|

|

|

|

|

g 7 5
on-shell ggluong\/
]- Hon-shell I—‘SM
o_off-shell o g g
g (’m2 = mH)2 + FHmH 7 vv—H—44 gluondV

~2.5 MeV precision!


https://indico.cern.ch/event/1307378/contributions/5721488/attachments/2791032/4867325/2024-02-01_HiggsWidth_PEDWorkshop.pdf

Backup for 41 channels



Common selections for Z(l)Z(11)Z*(xx) (2 on-shell Zs)

Signal Background
Selection Z,H(ZZ*) | ZZHWW) | Z,H(uu) | Z,H(qq) | Z,H(r7) | Z,H(Zv) | Z,H(g9) 7 WWwW

Two Z(Il) & no Z*(ll) 113.6 181 7.56 25 59.4 5.76 0.007 12196 47

(Sel 0.4) +0.5 +2 +0.01 +1 +0.6 +0.03 +0.007 +38 +3

Sel 04 + my, , € [80,110] GeV 65.2 1.0 0.538 0 BT 4.63 0 6286 0
(Sel 14) +0.4 +0.1 +0.003 +5<1 +0.2 +0.02 +6 < 0.007 | +28 | +6<3

Sel 14 + E™58 » 8 GeV 46.1 0.02 0.498 0 0.52 4.34 0 4817 0
(Sel 244) +0.3 +0.02 +0.003 +5<1 +0.05 +0.02 +5<0007 | £24 | £6 <3

Sel 1,4 + EMISS 5 g Gev 19.1 1.0 0.0399 0 8.2 0.289 0 1468 0
(Sel 245) +0.2 +0.1 +0.0009 | +6<1 +0.2 +0.006 | £6 <0.007 | +13 | +6 <3




Cutflow for Z(IDZ(IHZ*(jj)

Signal Background .

Selection Z,H(ZZ*) | Z, HWW) | Z,H(up) | Z,H(qq) | Z,H(r7) | Z,H(Zv) | Z,H(gg) 722 WwW |

Two Z(Il) & no Z*(ll) 113.6 181 7.56 25 59.4 5.76 0.007 12196 47 |
(Sel 0.4) +0.5 +2 +0.01 +1 +0.6 +0.03 +0.007 +38 +3 |

Sel 04 + my, , € [80,110] GeV 65.2 1.0 0.538 0 87 4.63 0 6286 0 .
(Sel 14) +0.4 +0.1 +0.003 +5<1 +0.2 +0.02 | £6<0.007 | +28 | £6< 3 |

Sel 14 + E™ISS < 8 GeV 46.1 0.02 0.498 0 0.52 4.34 0 4817 0 |
(Sel 244) +0.3 +0.02 +0.003 +4 < 1 +0.05 +0.02 | £6 <0.007 | +24 | +6<3 .

Sel 1, + E™ISS 5 8 GeV 19.1 1.0 8.2 0.289 0 1468 0 I
(Sel 24B) +0.2 +0.1 +0.2 +0.006 | +6<0.007 | +13 | +6<3 |

Sel 244 + E" < 20 GeV 45.1 0.02 0.204 0 0.43 0.135 0 3539 0 |
(Sel 344) +0.3 +0.02 +0.002 +<1 +0.05 +0.004 | £6 <0.007 | £21 | 6< 3 |

Sel 344 + Mm%, > 115 GeV 41.3 0.02 0.0160 0 0.32 0.030 0 29 0 :
(Sel 444) 0.3 +0.02 +0.0005 | +6<1 +0.04 +0.002 | £6 <0.007 | £2 | £6< 3 |

e e e e e e e e e e  —  —  ——  ——  —  — e — . — . Jd



Cutflow for Z(I)Z(IHZ*(vv)

| Signal Background
Selection Z,H(ZZ*) | Z,HWW) | Z,H(up) | Z,H(qq) | Z,H(r7) | Z,H(Zv) | Z,H(g9) 2 wWw
| Two Z(Il) & no Z*(ll) 113.6 181 7.56 25 59.4 5.76 0.007 12196 47
| (Sel 0.4) +0.5 +2 +0.01 +1 +0.6 +0.03 +0.007 +38 +3
i Sel 04 + my, , € [80,110] GeV 65.2 1.0 0.538 0 87 4.63 0 6286 0
(Sel 14) +0.4 +0.1 +0.003 | +d<1 +0.2 +0.02 | £6<0.007 | +28 | £6<3
| Sel 14 + EMISS < 8 GeV 46.1 0.02 0.498 0 0.52 4.34 0 4817 0
| (Sel 2.44) +0.3 +0.02 +0.003 | +d<1 +0.05 +0.02 | £6<0.007 | +24 | +6< 3
Sel 14 + E™ISS 5 8 GeV 19.1 1.0 0.0399 0 89 0.289 0 1468 0
| (Sel 248) +0.2 +0.1 +0.0009 | +5<1 +0.2 +0.006 | £6<0.007 | +£13 | £6<3
Sel 245 + my,- € [125,150] GeV 16.1 0.7 0.0267 0 6.8 0.264 0 577 0
(Sel 345) +0.2 +0.1 +0.0007 | +6<1 +0.2 +0.006 | £6 <0.007 | +8 | £6< 3




(]
I Common selections for Z(IHZ(xx)Z*(Il) or Z(XX)Z(INZ* () ¢on-sheiz 1otrsheizy |
Signal Background I
| Selection Z,H(ZZ*) | Z, HWW) | Z,H(up) | Z,H(qq) | Z,H(r7) | Z,H(Z~) | Z,H(g9) | ZZ WWw |
| One Z(ll) & one Z*(ll) 206.8 270 5.97 951 130.5 1.17 5.1 28340 846
(Sel 0g) +0.8 +2 +0.01 +7 +0.8 +0.01 +0.2 +59 +14 |
! Sel 0 + my € [80,110] GeV 173.4 246 5.27 866 118.6 1.06 4.7 15680 257 |
| (Sel 15) +0.7 +2 +0.01 +6 +0.8 +0.01 +0.2 +44 +8
Sel 15 + mu, € [10,40] GeV 158.2 187 0.0288 462 76.4 0.337 0.77 3097 12 |
| (Sel 23) +0.7 +2 +0.0007 +4 +0.6 +0.007 +0.07 +19 +2 |
| Sel 25 + EMISS < 8 Gav 96.4 1.4 0.0268 155 0.19 0.152 0.32 1412 0 .
(Sel 3.4) +0.5 +0.2 +0.0007 +2 +0.03 +0.005 +0.05 +13 | +6 <2 |
| Sel 25 + EMISS 5 g8 Gev 61.8 186 0.0020 307 76.2 0.185 0.45 1685 12 |
| (Sel 3g5) +0.4 +2 +0.0002 +4 +0.6 +0.005 +0.06 +14 +2
\
et e e e e ke ke + 4t ok  — r —  —r — —r —— —t —— — — J



o0 -
%k
Cutflow for Z(IDHZ(jj)Z*(lI) |
Signal Background I
Selection Z,H(ZZ*) | Z HWW) | Z,H(up) | Z,H(qq) | Z,H(r7) | Z,H(ZY) | Z,H(g9) | ZZ WWwW |
One Z(Il) & one Z*(11) 206.8 270 5.97 951 130.5 1.17 5.1 28340 846 |
(Sel 0B) +0.8 +2 +0.01 +7 +0.8 +0.01 +0.2 +59 +14
Sel 0 + my € [80,110] GeV 173.4 246 5.27 866 118.6 1.06 4.7 15680 257 |
(Sel 15) +0.7 +2 +0.01 +6 +0.8 +0.01 +0.2 +44 +8 .
Sel 15 + mu, € [10,40] GeV 158.2 187 0.0288 462 76.4 0.337 0.77 3097 12 |
(Sel 2g) +0.7 +2 +0.0007 +4 +0.6 +0.007 +0.07 +19 +2 |
Sel 25 + EMISS - g Gev 96.4 14 0.0268 155 0.19 0.152 0.32 1412 0 .
(Sel 34) +0.5 +0.2 +0.0007 +2 +0.03 +0.005 +0.05 +13 | 6 <2 |
Sel 25 + EMISS 5 g8 Gev 61.8 186 0.002 307 76.2 0.185 0.45 1685 12 |
(Sel 355) +0.4 +2 +0. +4 +0.6 +0.005 +0.06 +14 +2 .
Sel 3ga + A >0 51.5 1.3 0.0248 137 0.19 0.127 0.21 741 0 I
(Sel 4311,\) +0.4 +0.2 +0.0007 +2 +0.03 +0.004 +0.04 +9 +4 <2 -
Sel 4paa + mjj € [8(), 11()] GeV 44.8 0.30 0.0005 101 0.011 0.064 0.20 23 0 I
(Sel 5314,\) +0.3 +0.07 +0.0001 +2 +0.008 +0.003 +0.04 +2 +d <2 I
Sel 5paa + 777,,r,§c [ [19(). 215] GeV 40.6 0.07 0.0005 40 0.005 0.024 0.04 10 0 .
(Sel ()‘B,u) +0.3 +0.04 +0.0001 +1 +0.005 +0.002 +0.02 +1 +6 <2 I
Sel 644 + mffﬁ,,s € [8(). 110] GeV 40.1 0.07 0.0005 34 0.005 0.022 0.04 8 0 -
(Sel 73_4,\) +0.3 +0.03 +0.0001 +1 +0.005 +0.002 +0.02 +1 +d <2 I
N |



Cutflow for Z(j)HZ(I)Z*(II)

Signal Background
Selection Z,H(ZZ*) | Z,HWW) | Z,H(pp) | Z,H(qq) | Z,H(r7) | Z,H(Z~) | Z,H(g99) | 2Z WWw
One Z(11) & one Z*(Il) 206.8 270 5.97 951 130.5 1.17 5.1 28340 846
(Sel 05) +0.8 +2 +0.01 +7 +0.8 +0.01 +0.2 +59 +14
Sel 05 + my € [80,110] GeV 173.4 246 5.27 866 118.6 1.06 4.7 15680 257
(Sel 1) +0.7 +2 +0.01 +6 +0.8 +0.01 +0.2 +44 48
Sel 15 + mu, € [10,40] GeV 158.2 187 0.0288 462 76.4 0.337 0.77 3097 12
(Sel 25) +0.7 +2 +0.0007 +4 +0.6 +0.007 +0.07 +19 +2
Sel 25 + EMISS < 8 Gav 96.4 14 0.0268 155 0.19 0.152 0.32 1412 0
(Sel 3p4) +0.5 +0.2 +0.0007 +2 +0.03 +0.005 +0.05 +13 | +6 <2
Sel 25 + EMISS 5 g8 Gev 61.8 186 0.002 307 76.2 0.185 0.45 1685 12
(Sel 35) +0.4 +2 +0, +4 +0.6 +0.005 +0.06 +14 +2
Sel 354 + A <0 44.9 0.11 0.0020 18.3 0 0.024 0.11 663 0
(Sel 4545) +0.4 +0.05 +0.0002 +0.8 +5 < 0.03 | +0.002 +0.03 +9 | £ <2
Sel 4gap + mj; € [80,110] GeV 42.4 0.11 2.8107* 16.0 0 0.017 0.09 87 0
(Sel 554R) +0.4 +0.05 +0.81074 +0.8 +§ < 0.03 | +0.002 +0.03 +3 | £ <2
Sel 5paB + mi.C € [195,215] GeV 38.3 0.02 1.2.3074 4.4 0 0.006 0.02 9 0
(Sel 6548) +0.4 +0.02 +0.5 1074 +0.4 +§ < 0.03 | +0.001 +0.01 +1 | £6<2




Cutflow for Z(I)Z(vv)Z*(ll)

Signal Background
Selection Z,H(ZZ*) | ZZ HWW) | Z,H(up) | Z,H(qq) | Z,H(r7) | Z,H(Z~) | Z,H(g9) | ZZ 1%%%
One Z(Il) & one Z*(11) 206.8 270 5.97 951 130.5 5.1 28340 846
(Sel 05) +0.8 +2 +0.01 +7 +0.8 +0.01 +0.2 +59 +14
Sel 0p + my € [80,110] GeV 173.4 246 5.27 866 118.6 4.7 15680 257
(Sel 1) +0.7 +2 +0.01 +6 +0.8 +0.01 +0.2 +44 +8
Sel 15 + mu, € [10,40] GeV 158.2 187 0.0288 462 76.4 0.77 3097 12
(Sel 25) +0.7 +2 +0.0007 +4 +0.6 +0.007 +0.07 +19 +2
Sel 2p + EMISS < 8 Gev 96.4 14 0.0268 155 0.19 0.32 1412 0
(Sel 35.4) +0.5 +0.2 +0.0007 +2 +0.03 +0.005 +0.05 +13 | +6 <2
Sel 2p + EMISS 5 8 Gev 61.8 186 0.0020 307 76.2 0.45 1685 12
(Sel 358) +0.4 +2 +0.0002 +4 +0.6 +0.005 +0.06 +14 +2
Sel 3pp + miFC € [123,127] GeV 20.3 119 2107° 195 49.0 0.114 0.29 84 1.1
(Sel 4ppa) +0.42 +1 +2107° +3 +0.5 +0.004 +0.05 +3 | +0.5




Cutflow for Z(vv)Z(IH)Z*(ll)

Signal Background
Selection Z,H(ZZ*) | ZZ HWW) | Z,H(up) | Z,H(qq) | Z,H(r7) | Z,H(Z~) | Z,H(g9) | ZZ 1%%%
One Z(Il) & one Z*(11) 206.8 270 5.97 951 130.5 1.17 5.1 28340 846
(Sel 05) +0.8 +2 +0.01 +7 +0.8 +0.01 +0.2 +59 +14
Sel 0p + my € [80,110] GeV 173.4 246 5.27 866 118.6 1.06 4.7 15680 257
(Sel 1) +0.7 +2 +0.01 +6 +0.8 +0.01 +0.2 +44 +8
Sel 15 + mu, € [10,40] GeV 158.2 187 0.0288 462 76.4 0.337 0.77 3097 12
(Sel 25) +0.7 +2 +0.0007 +4 +0.6 +0.007 +0.07 +19 +2
Sel 2p + EMISS < 8 Gev 96.4 14 0.0268 155 0.19 0.152 0.32 1412 0
(Sel 35.4) +0.5 +0.2 +0.0007 +2 +0.03 +0.005 +0.05 +13 | +6 <2
Sel 2p + EMISS 5 8 Gev 61.8 186 0.0020 307 76.2 0.185 0.45 1685 12
(Sel 358) +0.4 +2 +0.0002 +4 +0.6 +0.005 +0.06 +14 +2
Sel 3p + my; C ¢ [123,127] GeV 38.1 67 0.0020 112 27:9 0.070 0.16 1601 | 11
(Sel 4pBB) +0.4 +1 +0.0002 +2 +0.4 +0.003 +0.03 +14 | +2
Sel 4ppp + E™ISS ¢ [45,55] GeV 12.3 12.9 0 0.4 45 0.0040 0 161 | 20
(Sel 5588) +0.2 +0.5 +6 < 0.0002 +0.1 +0.2 +0.0007 | 6 <0.03 | +4 | +0.7
Sel 5B + m"iS < 135 GeV 12.0 2.0 0 0 3.1 0.0002 0 13 0.7
(Sel 6BEB) +0.2 +0.2 +4 < 0.0002 | +6 < 0.1 021 +0.0001 +4§ < 0.03 *3 +0.4




4 clear channels - variables used for their fit
BEFORE SMOOTHING

events/ 1 GeV

FCCAnalyses: FCC-ee Simulation (Delphes)

[ 1s=240.0Gev
L=5ab"’

ZH - 7722
561700

|
110 115 120 125 130 135
My [GeV]

Z(IhzGnz=(n

Mass of the jet pair
and the off-shell Z
lepton pair

events

Mass of the 2
lepton pairs

Z(GHZ(Inz=(

FCCAnalyses: FCC-ee Simulation (Delphes)
o B Lo TS A Ao

10° B ZHWW) =
{s = 240.0 GeV = 5::“)) 3
L=5ab" oy ;“ ]

Wk ZH - zzz -~ Z.Hiqc;l)) 4
Sel6oun ZHgg) 3

= ]

10° - ww -

— Signal

events / 1 GeV

FCC-ee Sii (Delp
S S R
L ) T a2 Hww)
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Le5ab" -Hqq
1o° . ZH(up)
S . ZHZY)

. PN Y RPEN | 1
115 120 125 130 135 140
m (Gev)

Z(INZ(nZ*(3p)

Recoil mass of the
first Z lepton pair

| Smoothing is used to reduce statistical fluctuations of some
.| backgrounds

Mass of the 2 lepton
pairs

Z(vv)Z(I)Z*(lI)

FCCAnalyses: FCC-ee Sii

T T T T

T

FE
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= 1 Hi
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Backup for mixed
channels



3 mixed channels - BDT Preselections

Preselections before BDT:

Z(I) Z*(jj) Z()Z(j) Z(IZ*(jj)

40 < my < 100 GeV
Myec > 130 GeV

10 < mj; < 60 GeV

100 < myisible < 150 GeV

55 < my < 115 GeV
120 < myec < 130 GeV
10 < m;; < 60 GeV
E™SS < 80 GeV

55 < my < 115 GeV
120 < Myec < 170 GeV
60 < mj; < 120 GeV
EMSS < 76 GeV

Boosted decision tree classification:
e Trained on 6 classes (signal, ZZ, WW, ZH(WW), ZH(bb),
ZH(tautau))
e Variables shown on the diagram on the right
e Output: optimal variables for S and B separation
(likelihood ratio)



#

Orthogonality of selections for mixed channels
(for both cut-based and BDT analyses)

| |
| |
| |
| |
e gf< I Jf< i
s
i " [60 - 100] GeV mass Z(I)Z(vv)Z*(jj) ?77_< :
: - i
|

| i
| |
|

|

|

|

[123 - 130] GeV

Z(INZ(jH)Z*(vv)
SZJY - Leptonic
A recoil mass
Dijet * q
g Z(w)ZMZ* (i) iLL<
_[10-60] GeV ;

................................................... 1
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BDT Final output

Ps )

Combination of the BDT
evaluated scores to obtain
the optimal variable

BDT Final output

log,g (

raw
S

ObPy

raw

b N{)a,w

)




ZH, Z(INZ(vv)Z*(jj) - Fit on dijet mass

events

20

18

16

14

12

10

FCCAnalyses: FCC-ee Simulation (Delphes)

III||IIIIIIII|IIII|IIIIIIIIIIII_‘:
Bl vvH, HZZ

s = 240.0 GeV ww -
4 zZ 7
L=oah I H-ott 7
P " 7
ZHeZZZeuu/ee+vvy-H_)WW -
Final selection - H—bb 7
Bl H—other|

— Signal 5

qO 15 20 25 30 35 40 45

Dijet mass (Durham kt N=2)

Fit results (uncertainty on
H(ZZ*) cross section)

l COMBINE

r=1-=+0.090

‘N 99, uncertainty

Included systematics :
e H(WW?*) normalisation: 5%
e ZZnormalisation:10%

e e e e 4ttt o —t — — — — J
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ZH, Z(INZ(vv)Z*(jj) - Selections for cut-based

Number of events for L = 5ab™—!

|
|
!
Selection H(ZZ) | 2Z WW H(WW) [H(bb) | H(rr) | H(other) |
No cut (one Z(1l)) 229 450664 | 84592 | 13270 | 36466 | 3674 7114 |
Nselected leptons = 2 229 427481 84037 9942 34808 2806 7086 |
70 < my < 105 GeV 221 303820 34760 9528 33580 2695 6842 '
123 < myee < 130 GeV 168 16552 5088 7204 25497 2023 5186 |
i R . B 14955 | 1065 6930 25497 | 1 5127 |
10 < mj; < 45 GeV 145 218 46 176 4 0 0 |
Emiss '8 GeV 141 12 43 170 1 0 0 |
pj; < 40 GeV 129 4 10 106 1 0 0 j
;Most reduced background(s) |
5 |

. Y
=~ 117 Z ~1.06 Sefﬁ(nency 0.96 |
S=129 v~ BT B 2.0 1074,
efficiency |
o 1



events

ZH, Z(INZ(vv)Z*(jj) - Fit on BDT output

FCCAnalyses: FCC-ee Simulation (Delphes)

I

I

I

s T T T I T T T I T T T | T T T I T T T | T T T I T T T 2] . ) !

[ Bl vvH, HZZ Fit results (uncertainty on |

10 3 F; 2:9.0 GeV ‘éVZW E H(ZZ*) cross section) Cut-based I

- = a -

- e G N R . e

| ZH - 2ZZ - u'u/e’e + vv jj | |
10°E B HoWW = | |

§ BDT 6 classes B H—bb E l COMBINE l S 9% l I

- Bl H-g99 =T = .

10° & Bl H—other 3 T = 1 1 0074 / |

E — Signal 3 /7 :

- ] _ |

0F E ‘N 7.4% uncertainty |< - |

i 2 |

_ |

- ’ Included systematics : .

107 e H(WW%*) normalisation: 5% |

E e ZZ normalisation:10% |

-2 0 2 4 6 8 10 12 |

Optimal variable J
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ZH, Z(vv)Z(Il)Z*(jj) - Fit on visible mass

events/ 1 GeV

FCCAnalyses: FCC-ee Simulation (Delphes)

80

70

60

50

40

30

20

10

LI O o | l LO05) ! ] | | 1T 17T | T 17T L[ (55 R ) LI

— Bl I''H, HZZ
~ s =240.0 GeV Q’ZW
— L=5ab’ —
- ZH — 2ZZ > v + piple’e jj oo H:;;W
Final selection m I H—bb
I H—other
— Signal

IlIIIIIIIlIIIIIlIIIIII|IIII|IIII|1!I1[I

e S IS

0 115 120 125 130 135 140
Visible Mass [GeV]

Fit results (uncertainty on
H(ZZ*) cross section)

l COMBINE

r =14 0.087

~ 8.7% uncertainty

Included systematics:
e H(WW?*) normalisation: 5%
e ZZnormalisation:10%




ZH, Z(vv)Z(I1)Z*(jj) - Selections for cut-based

Number of events for L = bab '

Selection H(ZZ) 77 WW H(WW) | H(bb) H(77) H(other)
No cut (one Z(11)) 245 450664 84592 13270 36466 3674 7114
Nesioctad leptons = =3 245 427481 84037 9942 34808 2806 7086
20 < E™%8 < 75 GeV 236 51853 62778 2424 2074 1678 84
110 < myis < 140 GeV 234 3170 19185 235 235 360 8
10 < my; < 60 GeV 232 2254 5577 202 10 341 4
e M R 183 1447 66 10 0 0
70 < my < 100 GeV 206 120 238 62 2 0 0
Ems8 > 10 GeV 202 23 238 61 1 0 0
'mm > 130 GeV 143 14 227 17 0 0 0
|
9 =143 2 ~s00 |° 0.55 Sefficiency "~ 058 .
J— . — MN\J
v B B Befﬁciency ~ 4.3 10 |
|
PP 1

55



ZH, Z(vv)Z(I1)Z*(jj) Fit on BDT output

events

10*

10°

10

107

FCCAnalyses: FCC-ee Simulation (Delphes)
T | T T T | T T | T T | T T I T T T T T T |
Bl 'TH, HZZ
/s = 240.0 GeV ww
L=5ab"’ e

ZH — 277 — p*u/ete + vvjj= gl

BDT6cI§sses - H—bb

' ' Il H-g9
I H—other

— Signal

T T !_I‘I_I_I!I T l_<IVIIIII| T IIIIIII| T IIIII|T| T lIIIIIIl T TTT
| IIIIIII| | [IIIIII| | IlIIIlII | IIIIILLI 1 lIIlIIIl L 111

0 2 4 6 8 10 12

Optimal variable

Fit results (uncertainty on
H(ZZ*) cross section)

l COMBINE

r =14 0.069

‘ ~ 6.9% uncertainty |< -

Included systematics:
e H(WW?*) normalisation: 5%
e ZZnormalisation:10%

Cut-based

I~ 8.7%!
| T =

7’

/7

/

/



events

[ X ] [ ] [ X ] [ ] [ ]
I
ZH, Z(IHZ(j)Z*(vv) - Fiton dijet mass in 2regions |
|
Fit results (uncertainty on H(ZZ*) cross i
FCCAnalyses: FCC-ee Simulation (Delphes) sec t ’ fo) n) FCCAnalyses: FCCee Slmulatlon (Delphes) .
| v 2 COMBINE ofLesw © ZE 4
2 5222 e o v R o oz e v
258 Region 1, dmerge 23 < 60 = ::Z;er C S I
— Signal —fiSignal i
r=1=x0.17 i
|
75 80 8 90 95 100 ‘ Y 1 7% Uncertainty‘ B?)ijetnf:ss(Di?ham:xsmz)mo I
Dijet mass (Durham kt N=2) I
|
Included systematics: |
e H(WW?*) normalisation: 5% |
e ZZnormalisation:10% I
PP 1



ZH, Z(INZ(j))Z*(vV) - Selections for cut-based

Number of events for L = Hab ™+

Selection H(ZZ) | ZZ WW H(WW) | H(bb) | H(r7) | H(other)
No cut (one Z(I)) 237 450664 | 84592 | 13270 | 36466 | 3674 7114
Ngelected leptons = 2 236 427481 84037 9942 34808 2806 7086
81 < my < 101 GeV 213 271292 20160 8857 31289 2500 6370
124 < myee < 138 GeV 198 22026 6981 8224 29088 2318 5922
N e 58 || 107 19907 | 1315 7880 20087 | 0 5348
60 < mj; < 100 GeV 178 9192 617 1655 2474 0 58
lcos(0miss)| < 0.93 165 688 604 1515 2090 0 26
min angle miss/jet > 0.4 156 580 o276 1420 77 0 6
Nttt g = 132 145 499 612 52 0 0

5 < E™#% < 45 GeV 126 100 296 537 ol 0 0
di2 > 2000 121 86 184 448 48 0 0
Region 1 : do3 < 60 69 46 76 89 LT 0 0
Region 2 : dy3 > 60 and 49 37 68 260 31 0 0
*}\rj’éltﬁg(.l)lust Durham N=3 > 10




ZH, Z(INZ(j))Z*(vV) - Selections for cut-based

Region 1 (signal-enriched)

Sefﬁciency ~ 0.29
Befﬁciency ~ 3.8 10_4

Region 2

S =49

S 94g

VB

S
— ~0.124
B

Sefﬁciency ~ 0.21
Befﬁciency ~ 6.6 10_4



events

ZH, Z(INZ(jj)Z*(vv) Fit on BDT output

FCCAnalyses: FCC-ee Simulation (Delphes)

10°

104

10°

T IIIII"] T IIIII|T| T IIIII|T| T Illlm'l T IIIIIII| T IIIII|T|
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Included systematics:
e H(WW?*) normalisation: 5%
e ZZnormalisation:10%
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