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Introduction N

)‘ 5

g | RS AR >  Goal: measurement of the ZH cross-section at 365 GeV
S 250[— —ete 5 HZ — .
8 oign . following 240 GeV methodology
8 200~ = ] ' .
s L . > Signal: e*e — ZH — u*u + X (focus on muons)
- S ete »ZH - e'e + X
ool ey >  Zdecaying leptonically and use of the recoil mass method:
3 . 2 _ R 2 _ _ 2
sof- B Mrecon = (\/E - Ell) —Pg =% = ZEll\/g + myp
go; ' 22;0 ) 260 ‘2:30‘ ‘ '360' ' laéo' ‘ '3)40l ' ‘3‘ ‘ ‘anlsol ‘ '«;oo Mrecoil e .
’ . N e Y > Uncertalr!tles at 240 GeV:
e e Ve L - Cross-section: 0.69 %
Z* _~ H - Higgs mass: 4.0 MeV
e H e
\/E ml+l—
Z,years 1-2 Z, later WW, years 1-2 WW, later ZH tt 145X 106ZH at 240 Gev
\/E(GcV) 88,91, 94 157, 163 240 340-350 365 0 33X 106 ZH at 365 Gev
Lumi/IP (10*%em™2s7%) 70 140 10 20 5.0 0.75 1.20 ’
Lumi/year (ah_ 2 ) 34 68 438 9.6 24 0.36 0.58
Run time (year) 2 2 2 0 3 1 4 IncIUde 365 Gev
6 1.9 x 10" tt .
Number of events 6 x 1012 Z 2.4 x 108WW 4 51'451(;4 tg’“l;ll H +3.3 x 105 HZ Galn ~23% ZH events
s i +8x 10* WW - H 3
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Monte Carlo samples and events selection \w®

>

>

>

Signal:
Z(pt ) H
Background:
- WEW
VY T
ete Z
27
Ly =t
Rare backgrounds:
- Z(qq)
- Z(ttt7)H
- Z(vv)H
Sy =
Sy =TT

(Whizard/Pythia)

(Pythia)
(Whizard/Pythia)
(Whizard/Pythia)
(Pythia)

(Whizard/Pythia)

(Pythia)

(Whizard/Pythia)
(Whizard/Pythia)
(Whizard/Pythia)

(Whizard/Pythia)

>

1.

HwnN

Events

1010

108

107

108

10°

S
NP

Events basic selection:

)‘ "

Preselection: Select at least 2 leptons with:

- Momentum pt > 20 GeV

- Opposite sign

- One lepton required to be isolated
my+,- € [86,96] GeV
p;+- € [20,70] GeV
Myecoir € [120,140] GeV

10°E

FCC-ee simuiation
E T

= Z(u"w)H (10x)
Cdww

N =z

[ ] Ziy =, v

[ Rare (e(e)Z, 17, = v T'T)

10*

Is = 240 (i“:eV, 7I.2 ab’

| | 1 | | 1

\e0 : ,05“‘ .‘496 - ™ LA80 \Lg.‘?»a
22V g0 <™ 0% .\;ﬁgéﬂ\ec‘cos\\‘wg
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Comparison 240/365 GeV with Preselection Cuts \.{

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

A AR 5.3 . SN J
3 /s = 365.0 GeV orsis | e'(e)Z 3 [ (s=3650Gev 2075 | efe)Z ‘ N
©60000H+ L=23ab”’ 318547 [ W'W - ©60000— L=23ab”’ 323607 [ W'W =
ki | ete" > ZH —» u'u + X eese0 Rare gl 2 [ e'e 5 ZH - e'e +X esers Rare ] .
5 El Selecton: No Selection . 2 T F Selction: No Sefection e et 1 > Preselection cuts
L0000 [} Sonal integral-ass1.6 pramail gu # N 250000 [ Sinal integral=14613.1 2B g %5 -
] E “Background integral=4513361.2 N andl AN @ L. Background integral=3892109.4 T 4
H E  Sionificance=4.1 954 [l 22 B 3 [ Signiicance=7.4 95496 |l 2Z b - Se|eCt at |eaSt 2 |ept0nS:
45660 F 8681 = Z(pnp*)H ] aood L 14613 ——Z(ee')H M 20 G V
- ] e E - omentum pt > e
30000 IJ+“_ ] 30000 E - Opposite sign
£ 1 ] - One lepton required to be isolated
20000 - 20000 -]
10000 5 : 10000 3 > Differences
Pyl o e ———— . . E ] ] . . _
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350 - Luminosity from 7.2 to 2.3 ab™
Z leptonic recoil [GeV] Z leptonic recoil [GeV]
FCCAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes) . . ~ . _
AL N T S N Nt - Signal yields ~5 times lower for u"p
> Is i > i
= ‘e)Z £ ‘e)zZ . . .
g [QlE;au00cey e 1 |8 e e piad— viv A corresponding to lower luminosity and
] Llete - ZH - u*u + X 02168 Rare ] 2 [ ete »ZH —»e'e + X ar3002 Rare o .
= 500 = 500 -
Rl e L B A w0 [ vree ] cross-section
§ [ Packground integral=23997452.9 18008604 Ziy— p'p ] § Background integral=48020314.7 44139887, Ziy—> e'e ]
& 4ol Pinitcance-9.2 sss794 | 2Z A 3 400k ficance=6.7 673876 |l ZZ .
r 45188 ——Z(Wp)H 7 46636 ——Z(ee)H 7
300:— — 300 = _
2001 - 200~ -
ook 3 ok 1 Comparison mrecoil distribution at 365 GeV
C ] r ] .
. ] . 1 (top) and 240 GeV (bottom) for the p'u and
4 a B - ATerere (rererare e eren b . .
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350 e'e” channel with preselectlon cuts
Z leptonic recoil [GeV] Z leptonic recoil [GeV] 5
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40 GeV

events /0

Comparison 240/365 GeV with Preselection Cuts

FCCAnalyses: FCC-ee Simulation (Delphes)

L L L L L L WL B I

8000

3 [ Vs =365.0GeV 81790 e'(e)Z
14000 [ =23ap "' 125774 [ W'W
2 [ ete > ZH -y +X go7s Rare
B12000— St ronoicancds o= IR
S [ Background integral=634856.9 250659 Ziy— p'u
F [ significance=8.3 73027 |l 22

10000 — 6634  —— Z(wp')H

MM

6000

v by b by by

4000

00 0 O o 1y |y |

80 90 100 110 120 130 140 150 160
Z leptonic recoil [GeV]

FCCAnalyses: FCC-ee Simulation (Delphes)

L L L B L B L L R

- s = 240.0 GeV 185848 e'e)z 7
70000 L =7.2ab 1 . c62816 [ W'W _
[ e »ZH - u'u +X  1a4s65 Rare 1
[ Selection: No Selection B ]
60000 (— Signal integral=44738.1 1375327, TR .
[ Background integral=4919512.7 1897457 Z/y— 'y o
E  significance=20.1 615497 [l ZZ ]
50000 — 44738 =——Z(WphH
40000 |- -
30000~ -
20000 |~ 4
10000 = =
80 90 100 110 120 130 140 150 160

Z leptonic recoil [GeV]

FCCAnalyses: FCC-ee Simulation (Delphes)

16000 ¥

4000 —

80 GeV

12000

events /0

10000

LI L

8000

6000

4000

2000

L L L L L N BB R

e'e’

Vs = 365.0 GeV 51499 e'e)z 4
L=23ab”’ 128077 [ W'W -
e'e’ 5 ZH »e'e +X 15 Rare =]
Selection: No Selection 10997 . i
Signal integral=11057.5 rvee e
Background integral=707685.9 438189 Z/y— e*e’
Significance=13.0 70407 | 22 ]

11057 =——Z(e'e")H _]

1000 | | oo oo ooy

80

P
90 100 110 120 130 140 150 160
Z leptonic recoil [GeV]

F?CAnaIyses: FCC-ee Simulation (Delphes)

L L L L L L

E 160 Vs = 240.0 GeV 129738 e'e)z

& [ L=72ab”’ cas80s [ W'W ]

i Fete > ZH —»e'e +X 190343 Rare B

2 140 L Selection: No Selection 394602 yyee' ]

2 I Signal integral=45776.5 o

& [- Background integral=13947215.9 11942073 Z/y— e'e 4

2 120[" significance=122 c0ssc0 | ZZ -

C 45776 ——Z(e'€)H ]

100— =

£

60 -

40F =

-
80 90 100 110 120 130 140 150 160

Z leptonic recoil [GeV]

4
NS

Ve

Zoom between 80 and 160 GeV
- Luminosity from 7.2 to 2.3 ab™
- 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

DEWYSPELAERE Kevin



4
Reconstructed Z Mass with preselection cuts at 240/365 GeV N

Ve

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

e S N
3 | (s=3650Gev worzz MWW 7 3 oL Vs=3650Gev 20 EEWW ]
~ 10 L=23 abZI’-I % 225461 Rare - & E L=23ab"’ 237642 Rare 3
= E e'e - - utu+ 65911 Z/ w3 &= F ete >ZH —»e'e +X evaos Z/ o H .
[ I i ind ez £ oL soscion o soen v — 1kl > At higher energy, the cut on the Z mass is
% 106? Signal integral=8695.0 iy @)z T % 0 E  Signal integral=14653.1 i e'e)Z E . .
E e B e O B oy e s — ol removing ZH events which are not
s e R 10°E il = - = . . . -
10° F o — ke 5 : [ e 3 genuine signal events with a Z for e*e
104;\‘//-—" . 00 . channel
10°E8 . -
> Interpretation of false e*e™ reconstructed
into Z with one fake-e coming from H
. .-
decay (for instance to tautau) or from e*e
200 250 200250 pairs not coming from a Z in the eeH final
m, [GeV] m, [GeV]
: ; . ., state
FCCAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes)
T T T A
3 (s = 240.0 GeV 1275002 M W'W ] 3 10°L Vs =240.0Gev sazses [ W'W .. .
b L=72ab"! 1540322 Rare E = E L=72ab”’ 1528464 Rare Afte 86 96 G V mass.:
= e'e 5 ZH - w'u + X 02175 Ziy— py o [ e'e > ZH »e'e + X s Z/y— e'e ml+l_ E [ ) ] €
€ Selection: No Selection 2473723 W 2Z = € 10°E Selection: No Selection esoso0 [ ZZ
o Signal integral=45188.9 § N 3 4 E  Signal integral=46636.0 § "
o Background integral=33829942.4 27550151 e*(e)Z | 7 o o[ Backoround integral-=57872631.0 53983730 e'(e )Z
Signiticance=7.8 687577 yynwpt - 10’ E Significance=6.1__= - 674803 yyee*
45188 = Z(pp)H 3 F ap636 — Z(e e )H
= = 105§
i 10‘%

STV B G411 S e R 1 |

200
m, [GeV]

200 250
m, [GeV]

Reconstructed Z mass comparison at

240/365 GeV for p'pu and e'e” channel

with preselection cuts
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Mass recoil of the Z leptons with basic selection cuts \®

FCCAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes) )
S o o = e A |
3. [ Vs-3650CeV wor hetez @ § = 365.0 GeV ] ‘ -
S 1600~ _23 abz"’_l . 00 EEWW ] o 1200~ L=23ab ! —
b Fee - -+ R 1 2 e'e »ZH —»e'e + X o2 R 7
S 1400[ s b mocomaanss sy mmve S so Baare o osromss i > Momentum Cut < 70 GeV removed at 365
P44 [~ Signal integral=4731.0 i | - ignal integral=4274.9
S r Bagckgm;n%lnlegral:383073 20433 Zly— p'p S 1000 chkgmun%mregral:zsw.’id 18804 Zy—e'e ] G V
@ 1200 |- Significance=228 a3 |l 22 ] 3 Significance=23.6 ] e
1000 a - 1 “on E 800 _
o S ; > WW negligible at 365 GeV
Z] 600 - K i
F 4 i - The cut on the mass is removing them
600 — —| - e|
£ b 400 -
400[~ . B ] . . .
c ] - 1 > Resolution 3.5 times wider at 365 GeV
ot et B stz —— C ]
200— — = e N
e b b b e s e b bt PPN PPN AP PSP AP AP I I I . e .
120 122 124 126 128 130 132 134 136 138 140 120 122 124 126 128 130 132 134 136 138 140 > Significance (S/sqrt(B)) is ~23 at 365 GeV,
Z leptonic recoil [GeV, Z leptonic recoil [GeV, ~ - ~ ~
AR BI R eponmscal{cel] vs. ~53 at 240 GeV for p'pu and ~24 vs ~39
FCCAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes) _ . . .
Sttt ————— St —————— for e’e” channel with the basic selection
30 {3 = 240.0 GeV w2 o) 30 /3 = 240.0 GeV es [ e'e)2 ] t
p=4 F L=72ab" s0543 [ W'W b o [ L=72ab" s2601 [ W'W ] CuUts.
210000 [e'e=>ZH > u'w +X e Rare ] S12000- €°€° > ZH > e'e + X 11z Rare ]
2 bl sl i L 2 [ Soamepasorar il i e'e‘e‘e ]
N }ackground integral=: =2 T r lackground integral={ - A H H
S 8000 SomroainggaizosEst ey — fod e 210000 Somieamaay ! e WZ > Selection used for ZH cross-section
; o AR ool soore —Z(@ & i measurement with BDT
6000 — = r ]
6000 = -
4000 dl . ]
L ] 4000 —
2000 - - B : g e - .
— ] 2000 (= ] mrecoil distribution comparison at 240 GeV
e ———————— 5 (left) and 365 GeV (right) for p'u and e’e”
120 122 124 126 128 130 132 134 136 138 140 120 122 124 126 128 130 132 134 136 138 140 . . .
Z eptonic recoil (GeV] ———— channel without cos Omiss selection cut
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]
Missing momentum A\~

)‘ "

> 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 —

9
DEWYSPELAERE Kevin




Cos Omissing selection cut \i

FCCAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes)
@ L, T T T T T T T T T T T T T T ] o 10°FF T T T T T T T T T T T T )
g 10°F Vs=2365.0GeV 11301 e'e)z 3 5 /s = 365.0 GeV 5489 e'(e)Z w4
3 F L=23ab”’ 0 EEWW E 3 L=23ab”’ 9 HEEWW
[ ete »ZH - u'w +X o7 Rare ] e'e »ZH »e'e +X o2 Rare .
108 - sel Baseline_no_costhetamiss S ‘{Yl[l W 10° &= sel Baseline no_costhetamiss " yyee’ > Cut | CoSs emISSIng | <0.98 Used for mass
E Signal integral=4731.0 455 z N § Signal integral=4274.9 18804 Zhsiety .
s v mz proe- it A o WEZ analysis only
104 4731 =——Z(Wp)H L] 10* & s27s = Z(e'e')H
i 1 > This cut is removing a lot of background
3 U . .
10°E ”+IJ- concentrated in the last bins
cosem\ssmg cosemlssmg
FCCAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes)
5] 1075‘,' L T T T T ] T T T T T \‘Irl "’E %) T T 7 LN L L L B L L N E B (LI B b
S E s =240.0 GeV 26552 e'e)z 3 S 107k s =240.0 GeV 13989 e'e)Z 3
z F L=72ab’ . 30543 [ W'W 3 3 L=72ab"’ 32601 A W'W 3
1ot €78 2 ZH S ww + X e Rare 4 ete’ »ZH »e'e + X  11s6r Rare ]
E Sewmrt L L v 2ns Tvee’ 3
[, Background integral=420559.1 257813 Ziy- e Background integral=696533.4 586360 Z/y— e'e ]
10° Et Significance=52.5 27645 |l 2Z - Significance=38.7 26546 |l ZZ _—
E 35441 ——Z(Wp'H |3 33076 —— Z(e'e")H |
- £ ]
10°e E -
v F ‘&., -}I \W/ !
gl Cos Omissing distribution at 365/240 GeV for
A . . . .
p'u and e'e” channel with basic selection
10

cuts
10

-1 -0.5 0 0.5 1
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Mass recoil of the Z leptons with cos Omiss selection cut .

\S 2

FCCAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes)
Y P
R e b o e e AR e e e
E 600~ Jg' = 365.0 GeV 4 e'e)Z E r JE‘ =365.0 GeV ! e'e)z - ) <@
ps F L=23ap" %  EEWW ] o 500~ _23ap’ s ERAWW ]
5 [ e'e »ZH - u'w +X 23 Rare ] = L ete > ZH - e'e +X 25 Rare g
S 500 Base 2 Basel
S — eline 0 i YR uo — b — seline 0 77 y—ye'e‘ A
2 + Signal 1=4399.6 el £ - Signal i 1=3979.9 = .
§ | swommsmomnoz 2 2y ] § 4001 Baciromdmtegaosi7is 5 2y e'e ] > Cut |cos Bmiss| < 0.98 used for mass
F [ Significance=48.8 215« |2z ] F [ Significance=44.1 2335 |l 22 ] .
r — Z(ppHH - 3979 =——Z(ee")H analyS|S On|y
a ] 300~ -
- 1 i +A- 1 > Significance (S/sqgrt(B)) is ~49 at 365 GeV
E ] 200 — e e — i !
E ] ; ] vs. ~102 at 240 GeV for u'p and ~44 vs
L ] [ i o
: 1 3 E ~84 for e'e” channel
122 124 126 128 130 132 134 136 138 140 120 122 124 126 128 130 132 134 136 138 140
Z leptonic recoil [GeV] Z leptonic recoil [GeV]
FCCAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes)
R R e IR RARERRsRA. R R R e A R
3 so00f- /3 - 240.0 GeV 2 ee)z 3 F 8 = 240.0 GeV 20 ee)z ]
& [ L=72ab’ 20690 A W'W ] & F L=72ab"’ si719. R W'W R
g E ee - ZH - ' + X 11100 Rare a g 5000 [ ete - ZH - e'e +X 1 Rare -
E 5000 — g;;ea"lnr:legraldzlals Lo | RALT =l Z [ g;;gs:ah/’:ileglahwo&u i | yyee’ " ]
S I Background integral=66630.6 10734 Ziy— 5 b Background integral=97471.2 40006 Zy—e'e -
H [ Significance=102.2 15051 [l ZZ . @ 4000 [~ Significance=84.2 14664 [l ZZ .
4000 — 32138 —Z(wp)H — - 30063 ——Z(ee)H -
r . 3000 -
3000 7 [ ]
L ] 2000 — .
2000~ 4 L ]
1000 3 1000 A e e .
- . mrecoil distribution comparison 240 GeV (left) and

365 GeV (right) for ' and e’e” channel with
120 122 124 126 128 130 132 134 136 138 140 120 122 124 126 128 130 132 134 136 138 140 .
Z leptonic recoil [GeV] Z leptonic recoil [GeV] Selectlon cuts
1
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Boosted Decision Tree
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1
Boosted Decision Tree N

A
> Machine learning algorithm that separates signal and > Number of events for BDT training: 4
background by giving a BDT score

- All signals passed the basic selection

Signals
> Nominal samples (winter 2023) are used to train the BDT -  Number of events of each process is proportional
to their cross-sectionxcut efficiency
> Training_variables for BDT: - 1/2 of events for training
- 1/2 of events for testing
FCC-ee simulation Z(ptp)H

Variable Description i
Ppty Lepton pair momentum "
Oty Lepton pair polar angle 2
myt, Lepton pair invariant mass ik
P, Momentum of the leading lepton %

eading o

- Polar angle of the leading lepton =

hcading
P Momentum of the subleading lepton "

subleading
0, s Polar angle of the subleading lepton Pa
7™ — A¢+,~ | Acoplanarity of the lepton pair Ay,
Ayt - Acolinearity of the lepton pair 3

0 a0 I"m l-.llII 200 250 31'5“
F-score 1 3
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events

events

BDT score for mumu and ee at 365/240 GeV

FCCAnalyses: FCC-ee Simulation (Delphes)

L L L L IR B B R L

s = 365.0 Ge
L=23ab’’

ete 5 ZH - pu'uw + X

8<m,, <96
_Signal integral=6756.1

Background integral=1603412.3

Significance=5.3

379772 e'e)z 3
s0s7 A W'W 1
9850 Rare E
104912 [ yyppt 7
1045656 Zly— e
ss122 [l ZZ

6756 = Z(npt)H

vl ol

ol
=
o

0.6 0.8 1
BDT Score

FCCAnalyses: FCC-ee Simulation (Delphes)

I
s =240.0

GeV

T T T T

|e!‘l(e')Z

F 59501 B
EL=72ab"’ c0sc2 EEAW'W 3
Fee>ZH >y +X 2z Rare E
F 86<m,, <9% - 1
- Signalinfegral=36363.4 132508 TYHQ .=
E 1Background integral=897629.2 544562 Zly— pu 3
[ | Significance=37.6 78460 M 22 |
E %6363 ——Z(Wp)H 3
L :
R e ) 3
0 0.2 0.4 0.6 0.8 1
BDT Score

events

events

FCCAnalyses: FCC-ee Simulation (Delphes)

IVE:
=2

]
365.0
3ab”’

o, <96

GeV

L

ete > ZH »e'e + X

8 <m,
_Signal integral=6375.5

Background integral=1054431.8

Significance=6.2

170644 e*(e)Z
soe7 A W'W
9850 Rare
43417 | yye'e*
767297 Z/ly— e'e
ss132 [l ZZ

6375 ——Z(e'e")H

ete—

vond vl vl il o

ol

0.6 0.8 1
BDT Score

FCCAnalyses: FCC-ee Simulation (Delphes)

: T ‘ T -
E Vs = 240.0 GeV s0441 ee)z ]
10’ L=72ab"’ 63955 A W'W =
F ee »ZH »e'e +X 205 Rare B

[ 8<m,, <% - ]
108 Signal integral~34032.7 46686 1io8 o
E |Background integral=1449994.3 1211550 Z/y—e'e 3

F |signifcances27.9 7605« [l ZZ q
1051 s4032 —Z(ee')H
3 Y ]
10 E
10° 3
10°g E
= 4
B L S

0 0.2 0.4 0.6 0.8 1
BDT Score

4
NS

A

Cut used:
two leptons
opposite sign
one lepton required to be isolated
cut on Z mass [86,96]
cut Z momentum > 20 GeV
Without mass recoil selection cut:
Myecoil € [120, 14‘0] GeV
14
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events

events

BDT score for mumu and ee at 365 GeV

FCCAnalyses: FCC-ee Simulation (Delphes)

ET T T g
E Vs =365.0GeV 11301 e'(e)z 3
F L=23ab’ o EEWW ]
Fete »ZH - u'uw +X 2 Rare )
= sel Baseline no_costhetamiss w3
E  Signal integral=4731.0 2457 LYY 3
[ Background integral=38402.1 20433 Zly— p'p o
L Significance=22.8 ses2 [l ZZ 1
= 4731 =——Z(ppH
El E
E “ + IJ - 7
L= D -
E e | gt W é
0 0.2 0.4 0.6 0.8 1
FCCAnalyses: FCC-ee Simulation (Delphes)
CT— T — — T
E s = 240.0 GeV 26552 e'(e)z 3
F L=72ab’ s0643 [ W'W 7
[ e'e 5 ZH - u'u + X ez Rare _
E sel Baseline_no_costhetamiss oyt E
E  Signal integral=35441.1 68208 LACL
[ Background integral=420559.1 257813 Z/y— p'w ]
L | Significance=52.5 27645 | 22 -
F 35441 = Z(wpt)H E
Fr o= ]
I | A [ M (MRS |
0.2 0.4 0.6 0.8 1
BDT Score

events

events

10°

102

FCCAnalyses: FCC-ee Simulation (Delphes)

UL ]

T

e*l(e")Z‘

Vs = 365.0 GeV 5489 9
= Soar 4

L=23ab’ o ERWW

ete 5 ZH »e'e + X o Rare =

sel Baseline_no_costhetamiss Zox g

[

Signal integral=4274.9 i 7ee s 5}

Background integral=28502.3 18804 Z/y— e'e ]

Significance=23.6 e [l Z2Z

4274 ——Z(e'e")H

Ll

syl

Ll

Ll

il e e

|
0 0.2 0.4 0.6 0.

FCCAnalyses: FCC-ee Simulation (Delphes)

LA I S e B S B S B O R

E Vs=240.0GeV 13989 e'e)z 3§
E L=72ab”! s260r [ W'W =
rete »ZH —e'e +X 11561 Rare il
E  sel Baseline_no_costhetamiss T =
E  Signal integral=33076.1 et Tyee i
[ ,Background integral=696533.4 586360 Z/y— e'e
|| Significance=38.7 26546 - 2z i
E 33076 —Z(e'€")H 3
E+ ——
WL e e L K
0 0.2 0.4 0.6 0.8 1
BDT Score

4
NS

)‘ "

Cut used:

two leptons

opposite sign

one lepton required to be isolated
cut on Z mass [86,96]

cut Z momentum > 20 GeV

With mass recoil selection cut:
Myecoir € [120,140] GeV

Rise towards 1 at 365 GeV

This BDT score is fitted to measure
the ZH cross-section
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Mass recoil of the Z leptons with BDT requirement

FCCAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes) \ I
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H+p—and e+e— statistical uncertainties on cross-section {

measurement at 365/240 GeV \"
_, oFCCee iniema Vs = 365 GeV, 2.3ab™ 4 2 FCCee intemal Vs =365 GeV, 2.3ab™" ) ‘ b
% 1_8’— —— -, 8(0) = 1.5769 % | % Laé | —— e*e, 8(0) = 1.7729 % ‘
I 161~ > The statistical uncertainties are 1.58% for
14 KW' and 1.77% for e+e- at 365 GeV
C tA~
1 2\ ee /
1 > The statistical uncertainties are 0.90% for
08 p*u- and 1.09% for e+e- at 240 GeV
er;
. 04 > NB: If we would have the same
2 02| luminosity, the uncertainty on ZH
g e e §Eu 4 L 1 . cross-section in the p*p™ final state is the
o(ZH, Z-u)/s o(ZH, Z-m)o same at 240 and 365 GeV and it is better
. FCCee \rmemg s = 240 GeV, 7.2ab™" 4 Z!FCCTe internal s = 240 GeV, 7.2/ab-‘ by 9% (1.002%) in the e+e- final state at
g 1‘8‘: —— p*p, 3(o) = 0.8991 % | 5 1_8f— | —— e'e, 5(c) = 1.0944 % ‘ 365 GeV
165 165
o 4 > The distance between the two statistical
a3 | (of uncertainties of p*u” and e+e- have been
): , 1 reduced by 8% at 365 GeV
0.8> 0-3;
06" o.sf
04r 04
02— 0.2|
o ; — 17

L 1 1
0.99 1 1.01

o(ZH, Z-puw/o, | DEWYSPELAERE Kevin
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Conclusion

significance resolution (FWHM) Statistical uncertainties
Vs | 240 (7.2 ab7 1) | 365 (2.3 ab™1) | 240 365 240 (7.2 ab=1) | 365 (2.3 ab™ ")
T 92,5 22,8 1.5 3,9 0.8991 1.5769
ete” 38,7 23.6 1,5 3,9 1.0944 1.7729
) significance resolution (FWHM) Statistical uncertainties
}’L‘:Lﬁ?nsoas?zs Vs | 240 (7.2 ab~T) [ 365 (7.2 ab~T) | 240 365 240 (7.2 ab= 1) [ 365 (7.2 ab™ 1)
= ptp 52,5 40.3 1,5 3.5 0.8991 0.8913
ete~ 38,7 41.8 1,5 3,9 1.0944 1.0020

> With the same luminosity, we have 1.3 times less significance for p*u~ & 1.08 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

> Statistical uncertainties with 7.2 ab™ would be 0.891% for u*u~ and 1.002% for e+e—
= Same statistical uncertainty for p*u” but a 9% improvement for e+e— at 365 GeV
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Future steps }:ﬂ

> Improve the BDT training model
- Waiting for samples that have been with “Winter_training” label

> Do the systematic uncertainties with Combine (lepton, BES, sqgrt(s))
- Being able to estimate sgrt(s) uncertainty at 365 GeV
- Check the requirement for the BES samples request

19
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Back up




Reconstructed Z Mass

LIS B S S S A B B A A

> - " sotig T
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FCCAnalyses: FCC-ee Simulation (Delphes)

- s =365.0 GeV
 L=23ab’’

- Signal integral=5595.0

- Significance=14.9

'Illlllllllllllll

Reconstructed Z mass comparison at 240 GeV (left) and 365 GeV (right) for
mumu channel without zIl mass selection cut

L ete 5 ZH - u'u + X 047
|- sel Baseline no costhetamiss

— Background integral=135702.2

18265 [ yypnpt

2916¢ R W'W
Rare

25473 e*(e)Z

s3690 M ZZ

7059 Z/y— n'u

5595w Z(pu*)H

365 GeV

IIIllllllllllllllllllllll

4
NS

)‘ 5

WW background is moved
to higher energy for 365
GeV

The cut m;+,- € [86,96] GeV
is removing it

Better signal over
background at 365 GeV

Dois je garder
ce plot ?

peut étre en
back up
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2 |47

>  Prove the universality of
the BDT model used

BDT score comparison

FCC-ee Simulation FCC-ee Simulation

> At 365 GeV, we are
investigating why
background is rising at
high score

10" 4 10" Iz

Normalized to Unity
Normalized to Unity

365 GeV

0.0 02 04 0.6 08 1.0 0.0 02 0.4 06 08 1.0
BDT Score BDT Score

BDT score comparison 240 GeV (left) and 365 GeV (right) for mumu channel
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4
Comparison 240/365 GeV without A,

selection A 45

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

>  Differences

=

. r i T ERELEL s Co L i 2 ~ I R A IS I R LS ) »
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Z leptonic recoil [GeV]

Comparison mrecoil distribution at 240 GeV (left) and 365 GeV (right) for

the pu+u— channel in linear scale without selection
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BDT machine learning

FCCAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes)
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Z leptonic recoil [GeV]

126 128 130 132 134 136 138 140

Z leptonic recoil [GeV]

mrecoil distribution comparison 240 GeV (left) and 365 GeV (right) for
mumu channel with BDT score > 0.3 selection cut

Mass recoil of the Z leptons with trained N

]

)‘ "

Boosted decision Tree
(BDT) machine learning
used to extract signal and
background by giving them
a score.

Backgrounds have low
scores

For the moment nominal
samples are used to
trained the BDT

We ordered the training
samples
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Momentum of the

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

reconstructed Z boson

zll_p

Momentum of the reconstructed Z boson comparison 240 GeV (left)

and 365 GeV (right) for mumu channel with cos Omiss selection cut

zll_p
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514000~ Vs = 240.0 GeV 29 e'(e)Z S - Vs =365.0GeV 4 e'e)z 1
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8000 ] i ]
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4
NS

9 ‘ "
Z momentum higher by
about 100 GeV at 365 GeV

less background but more
concentrated at 365 GeV

System boosted at 365
GeV
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Acollinearity and acoplanarity of the reconstructed Z boson \‘

FCCAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes) ) ‘ <@
5 A 5 BT P T PP P T
£ 3500~ V= 240.0 GeV 29 e'e)Z § s = 365.0 GeV 4 e'e)z 7
3 [ L=72ab 20600 | W'W £ @® 600 L=23ab 98 mw'w - . . .
? 000 €€ = ZH = 1 + X 1100 Rare ] [ ete > ZH > u' +X 25 Rare 1 > Acollinearity:
F Baseline 15 ™ ot ] [ Baseline 0 Lyt ]
[~ Signal integral=32133.6 TYRR | [ Signal integral=4399.6 ]
[ Background integral=66630.6 10734 Ziy— pe 500~ gackground integral=3740.2 1247 Z/y— pp A
2500 [ Signifcance=1022 051 |l ZZ - [ Sioniicance=4s.8 215 Ml 2Z b L () o+ p—
F 32133 —— Z(WpHH 6L 4309 ——Z(WpHH [
2000 - = E 1 > Acoplanarity:
F ] 300~ - & i
1500 = ; ] T — Ad,+,-
1000 3 2001~ g .
g 3 5 1 > Boosted system
5000 = 100~ -
g ] et ] > At 365 GeV, we have sharp peaks
-1 35 4 1 05 0 05 1 15 2 25 3 35 4 . - . .
o —— appearing at ~1 (acolinearity) and at
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Introduction

g F T
S ol : .
S 2501— —e*e > HZ —
§ = WW -5 H -
w - -
8 200(— — Total ]
($) - ]
150 |— ——
100:_ \
sof- =
—_— T by e by 13 A

800 220 240, 260 280 300 320 340 3 380 400

Z et

Improved-Born Higgs production cross-sections for
the Higgsstrahlung process and the WW fusion
process, incorporating initial state radiation, are

predicted by HZHA

4
NS

) 4
Goal: measurement of the ZH cross-section at 365 GeV
Signal: e*e”" - ZH — u'u +X
Use of events with a Z decaying leptonically and reconstruction
of the mass recoil without considering Higgs products:
2 2 2
Mrecon = (\/§ . Ell_)z —Pip=S — ZEH‘\/E +my;
Myecoil
Z* ~H
\/g ml+l—
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4
Reconstructed Z Mass without selection AN 2

)‘ 5

FCCAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes)
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Reconstructed Z mass comparison at 240 GeV (left) and 365 GeV (right) for

mumu channel without zll mass selection cut -

DEWYSPELAERE Kevin



BDT Score comparison

FCCAnalyses: FCC-ee Simulation (Delphes)

L L L L L L |

FCCAnalyses: FCC-ee Simulation (Delphes)
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BDT Score

BDT Score

BDT score comparison 240 GeV (left) and 365 GeV (right) for mumu channel

4
NS

)‘ "

BDT score comparison for
signal and background

At 365 GeV, we're
investigating to know why
background is rising at
high score

This BDT score will be used
in the final ZH
cross-section fitting
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]
Phi angle of the reconstructed Z boson \S

)‘ "

> At365GeVZ/yandZZ
backgrounds are dominant

FCCAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes)
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Phi angle of the reconstructed Z boson comparison at 240 GeV (left) and 365

GeV (right) for mumu channel with cos Omiss selection cut
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FCCAnalyses: FCC-ee Simulation (Delphes)

B L R e R R RERAE RRRE

Reconstructed Z Mass without zll mass
selection cut

FCCAnalyses: FCC-ee Simulation (Delphes)
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WW background is moved
to higher energy for 365
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Reconstructed Z mass comparison at 240 GeV (left) and 365 GeV (right) for

mumu channel without zll mass selection cut Ny
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Acoplanarity of the reconstructed Z boson \S S

P ‘ 5
> Higher acoplanarity for
signal at 365 GeV

FCCAnalyses: FCC-ee Simulation (Delphes)

FCCAnalyses: FCC-ee Simulation (Delphes)
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Acoplanarity of the reconstructed Z boson comparison 240 GeV (left) and 365
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Efficiency of the BDT

Efliciency

FCC-ce Simulation

Ziptp \H

— mummH
77

— WWiumu

— 17l

egamma

nmae

gaga_mumu

04 056 08 10
BDT score

12
1.0 —
. 038
g |
T 0.69
=
04 l S
0.2 o
0.0
0.0 0.2

FCC-ee Simulalion

\S 2

Zip'p \H

S e

—— mumull
7.7,
— WWmumn

— Zl

— egamina
— gammae

gaga_mumu

04 0.6 0.8 1.0

' BDT score

Efficiency comparison 240 GeV (left) and 365 GeV (right) for mumu channel

33
DEWYSPELAERE Kevin



Efficiency of the BDT
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Training_variables for BDT

FCC-ee simulation {s=240GeV,7.2ab" FCC-ee simuiation s =240 GeV, 7.2 ab™’
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65
Selection effici

shows selection efficiency with baseline selection (with cos(6miss ) cut).

Selection efficiency of the different Higgs decay modes with Z = mumu, The left column shows
the selection efficiency with the basic selection (without cos(6miss ) cut), and the right column
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from the Z decay
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from the Z decay
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FCCAnalyses: FCC-ee Simulation (Delphes)

Momentum of the subleading lepton
coming from the Z decay

FCCAnalyses: FCC-ee Simulation (Delphes)
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coming from the Z decay
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the Z decay

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

‘(e _I T I T I T ] LLER ] LEELINLE I T I l ‘7' T I T L [7:) _l T l T T 17T I T T 17T I T8 o l 0 L3 I TTr 17T I L L ) l T L

g8 [ (5=2400Gev — § [ V5-3650GeV ez

®25000|- L=7.2ab" — % s000 L=23ab" - 2

i e'e - 2ZH — ;1';1' + X Z/‘Y_) s ~ +a’ ZH +, - X Z/Y—) ll‘u =

L - - 77 : L e - U + - 7z A

| i thet. + , - 7

| sel_Baseline_no_costhelamiss W oyyR il [ sel Baseline_no_costhetamiss ‘ T ]

20000 ~ Rare i =] 4000 — [ Rare g 7]

g — Z(ut - - 1 —_— Z(u'u’,.)H -

& 1 | g B . :

15000 — | il i - 3000 [ i -

i . - o ]

C ’ 1 ] C ]

10000 — | — 2000 [~ i ~

B 1 ] B B L ]

5000 H a 1000 .

i ] L 1 ! ]

P S RS e A P I B B e -
=S -2 -1 0 1 2 3 0= -2 =1 0 1 2 3

leading_zIl_lepton_theta leading_zIl_lepton_theta

Theta angle of the leading lepton coming from the Z decay comparison at 240
GeV (left) and 365 GeV (right) for mumu channel

Theta angle of the leading lepton coming from &

]

)‘ "

40
DEWYSPELAERE Kevin



the Z decay
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from the Z decay
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from the Z decay

FCCAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes)
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Acoplanarity of the reconstructed Z boson \S S

)‘ 5
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FCCAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes)
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FCCAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes)
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Theta angle of the reconstructed Z boson
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Theta angle of the reconstructed Z boson
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4
Momentum of the reconstructed Z boson \S

9 ‘ "
> Z momentum gain 100
GeV at 365 GeV
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reconstructed Z boson \S
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> Z momentum gain 100
GeV at 365 GeV
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FCCAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes)
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Phi angle of the reconstructed Z boson
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Phi angle of the reconstructed Z boson \S
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> Number of events divided
by 3

FCCAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes)
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Phi angle of the reconstructed Z boson comparison at 240 GeV (left) and 365

GeV (right) for mumu channel with cos Omiss selection cut
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Sample used for BDT training

Sample Name Process Generator Training  cross-section
+ Validation (pb)
Higgs Processes
wzpb_ee_mumuH ete” s utu—H WHIZARD + PYTHIAG6 873007 0.0067643
- Diboson Processes
pBce ZZ ete™ - 22 PYTHIAS 59261 1.35899
pBce.WW_mumu ete™ > WwW = pte,pn—oy, PYTHIA8 62966 0.25792
Dilepton Processes
wzpb_ee_mumu ete™ - utu— WHIZARD + PYTHIA6 551655 5.288
Electron Photon Processes
wzpb_egamma_eZ_Zmumu ey e Z\'p+p &) WHIZARD + PYTHIAG 28662 0.10368
wzpb_gammae_eZ_Zmumu ety s etz(ptu) WHIZARD + PYTHIA6 28512 0.10368
Photon Photon Processes
wzpb_gaga-mumu_60 Ty = ptu— WHIZARD + PYTHIAG 141949 1.5523
Sample Name Process Generator Training  cross-section
+ Validation (pb)
Higgs Processes
wapb_ce_eeH ete™ s ete ™ H WHIZARD + PYTHIA6 769907 0.0067643
Diboson Processes
pBee ZZ ete™ —» 22 PYTHIAS 20894 1.35899
pE_ce WW _ce ete™ - WW = etwee v PYTHIAS 34874 0.25792
Dilepton Processes
wzpb_ce_ee_Mee_30.150 ete™ 5 ete™ (30-150 GeV) WHIZARD + PYTHIAG 660832 8.305
Electron Photon Processes
wzpb_cgamma_cZ_Zee ey e 2(ete) WHIZARD + PYTHIA6 T883 0.05198
wzpb_gammae_eZ_Zee ety = et Ziete) WHIZARD + PYTHIA6 TRRT 0.05198
Photon Photon Processes
wzpb_gaga_ee_60 vy = ete— WHIZARD + PYTHIAG 28534 0.873

Samples used for the BDT analysis, g'¢” (up) and e’e” (down) 54
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