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> Goal: precise measurements of ZH cross section and Higgs mass

Cross section (fb)
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* Current best result LHC: my;; = 125.38 + 0.14(+0.12) GeV | _
. (+0.12) T
* At FCC-ee, my and agzy accuracy will reach a few MeV and 0.5%, respectively ] ws -

- Measure g7z, Higgs width ( Iy ) and other Higgs couplings "//3 Veector Boson Fuvs,ion

200 2:‘20 I 240 I‘ .260. l ,2810‘ .300‘ 320 l340l .360 380 400
. e ot = 7 15 (GeV)

> Slgnal' e e - ZH - ll + X 1. ZH optimal event rate is at /s ~ 240 GeV: o ~ 200 fb~ 10® events (@ L = 5ab™?!)

. . . . 4+ . Data at /s ~ 365 GeV,1.8x10° ZH and 0.45x10° WW-fusions (~*30% ) (@ L = 1.5 ab™1)

ZH is the dominant Higgs production process @ 240 GeV e e machine

«10° FCC-ee Simulation (Delphes)
> Model_independent Study % 120j|'l T | T TT | T TT | T TT | T TT | T TT | T TT | TT Izl('lvlvil-“l I1t
S [ Vs=2400Gev Z(ee)H
» M,...,i from the Z production without measuring the Higgs production final state S 1oo L=5ab’ — 2R
P L ete" = ZH - uu + X — Z(qaH
g i — Z(wu)H 7
o  gol [ YY‘“?CJr ]
_ yywut
> Sensitive to the precise knowledge of the centre-of-mass energy (+/s) Mrecoil i - ;e_f ]

f 60 Mrecoil ] W*(\‘?S)W’E w)

and Initial State Radiation (ISR) 7 ]
72 _<H -
» WW, ZZ and dilepton backgrounds @ 240 GeV :
> So far, focus on the Z —» u*u~ channel 20 N

80 100 120 140 160 180 200
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Signal, Background Monte-Carlo simulation, Event Selection
» Monte-Carlo simulation:

s = 240 GeV

Luminosity: L = 5 ab™?

Initial State Radiation (ISR) and Final State Radiation (FSR) on

Beam Energy Spread (BES) set to 0.165%= + 198MeV (from CDR)

IDEA detector; detector response modelled with Delphes

* Spring 2021
» Signals: » Backgrounds:
1.  Z(u*u")H, (Whizard) 1. ZZ(inclusive), (Pythia)

2.  Z(t*17)H, (Whizard)
3 Z(qq)H, (Whizard)
4.  v,V.H, (Whizard)

5. ete~H (Whizard)

W*(ut)W=(vu™), (Pythia)
Z — 117, (Pythia)

Z = qq, (Pythia)

eeZ, (Whizard)

yy = utu~ /Tt (Whizard)

o vk wWwN

> Event-Selection:

1
2.
3.
4
5

At least one Z boson from a u*u~ pair
m,+,- € [86,96] GeV - focus on Z resonance space
M_ecoil € [120,140] GeV —> Signal exhibits sharp peak around ~ 125 GeV,
pf“_ € [20,70] GeV —> Signal mainly within this region, Low pf”_ cuts back-to-back events (Z/y* — )
: |cos Hmissing| < 0.98 -> Polar angle of missing momentum, reduce yy processes. ISR emitted approximately

collinear with the incoming beams escapes detection in the beam pipe
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Backgrounds modelling:

YV VY
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Signal and backgrounds modeling

Two crystal-ball functions (left and right), sharing mean and width
Added Gaussian to cope with the high tails
Gaussian suppressed in norm (sigfracl + sigfrac2 > 0.8)
In total 9 “free” parameters which are fitted to the data
pAf (Myecoyr) = sigfracl - CB(Myecoir; 4, 0, Qr, M)
+sigfrac2 - CB(Myecoit; 1y 0, g, MR)
+(1 — sigfracl — sigfrac2) - Gauss (Myecoir; H2,02)

2CBG pdf with da

Customized p. d.f. 2CBG: # Crystal -Ball function: .

f(z;ayn, Z,0) =

Gaussian Core

z)?
N. exp(— —

2
Z2)-n,

b

), for == > —a

for == < —a

Power law tail on right or left

1000 Sgn.: mumuH

Merge all backgrounds

Smoothly falling background modelled
Third-order polynomial

Polynomial coefficients constant are fitted to
the data (keep total normalization floating)

L=5ab"

800

election: se
¥?/NDF:1.49 f§ *

600 |Mumu

Events / (0.1 GeV)

— Data
-~ Sig. Only Fit

IS
o
S

n
=}
=)

alphaL = 3.1 +-1.7
alphaR =-0.1497 +/- 0.017
mean = 125.087 +/- 0.012
mean2 = 125.398 +/- 0.084
n_L=13+-3.2

n_R = 3.69 +/- 0.66

nsig = 18188 +/- 134
sigfrac1 = 0.465 +/- 0.020
sigfrac2 = 0.401 +/- 0.027
sigma = 0.413 +/- 0.010
sigma2 = 0.831 +/- 0.099

\ Customized p.d.f.
N 2CBG function

Data-Fit
Error
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- 500 FCCee internal BKGS, Vs =240 GeV, 5 ab™’
8 bern0 = 0.843 = 0.050
" bern1 = 0.903 = 0.032
;400 bern2 = 0.661 = 0.023
g bkg_norm = 36333 + 191
7350
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Cross-section and mass: statistic only

Parametric fit based on recoil mass distribution
» Fit function: double-sided Crystal-ball + Gaussian core
» Free parameters: Higgs mass, signal normalization and background norm

Likelihood scans to extract uncertainties on cross section and mass

FCCee simulation _Is=240GeV, 5ab”

FCCee simulation

_(s=240GeV, 5 ab”’

-2ANLL

ly 6=1.00000 = 0.01073 Stat. only m =125.000 GeV = 6.70 MeV

Stat-only uncertainties:
» Cross-section: ~ 1.07%
» Higgs mass: 6.7 MeV

09985 0. 124.995 125.005
o(ZH, Z—>W)/0ref
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Z(u*pm)H only,
will combine with other final states




Potential systematic uncertainties studied and propagated to the fit
~1% at 240 GeV, constrained using ee = ff(y)

>
>

>
>

Systematics propagated as shape uncertainties

Cross-section and mass: systematic uncertainties

Beam Energy Spread (BES):
Initial State Radiation (ISR):
pr spectrum
Muon momentum scale:
Center-of-mass:

estimated using KKMC by reweighting Whizard

~le-5
~2MeV

FCCee simuiation VS =240 GeV, 5 ab™

ISR (pT rewei.)

BES 1%

Vs = 2 MeV

jon scale (~10°)

Syst. combined
(BES 1%)

——
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Oy (M) (MeV)

Higgs Mass (MeV)

Ang LI--APC-Paris

22/11/2022

ISR (pT rewei.)

BES 1%

Vs =2 MeV

Muon scale (~1 0'5)

Syst. combined
(BES 1%)

With systematic uncertainties| 2

» Cross-section: ~1.11%
» Higgs mass: 7.1 MeV

FCCee simulation

s =240 GeV, 5 ab™

N — Stat.+Syst. 0=1.00000 = 0.01100

2
.8& — Stat. only 6=1.00000 + 0.01072
6
4

Minor impact, stat. driven

FCCee simulation Vs =240 GeV, 5 ab™

—

2

1

0 1 2
Ogyet (0(ZH, Z=uw)lo ) (%)

Cross section (%)

-2ANLL

0.8} \
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0%85 0.99 0.995 1 1.005 1.01 1.015

o(ZH, Z=wlo

FCCee simuiation

5 =240 GeV, 5 ab™

Stat. only mh=1 25.000 GeV = 6.70 MeV §
Stat.+Syst. mh=125.000 GeV = 7.21 MeV
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Detector configurations

Different detector configuration studied:
1. Magnetic field increased from 2T to 3T

2. FullSilicon tracker instead of drift chamber ( a la CLD)

FCCee simulation

(s=240GeV,5ab”

-2ANLL

1.6

A [/

[ | —— IDEA m,=125.000 GeV = 6.70 MeV
+| ——— IDEA FullSilicon m,=125.000 GeV = 9.01 MeV
—— IDEA 3T m,=125.000 GeV = 5.78 MeV
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125.005 125.01
m, (GeV)

-2ANLL

F

- expected better momentum resolution

CCee simuiation

—> degraded resolution due to enhanced multiple scattering,
especially at low pr and in the range relevant for this analysis

Stat-only results

(s=240GeV,5ab™

i0EA |y (VeV) |80 09

Nominal 6.70 1.07
FullSilicon 9.01 1.12
3T 5.78 1.06

0.8

0.6

0.4

0.2

2T->3T
¢ significant effect on my
*¢* small effect on x-section

25

5 099 0.995 1 1.005 1.01

1.015

o(ZH, Z=w)/o



Motivation to use a BDT-based selection

» Goal of the BDT-based selection:
L Remove the |cos Hml-ssing| cut

+ —_
O Increase the signal statistic by loosening two other cuts (m,+,- and p# “)
» APC-2-Selection or Baseline-Selection > APC-3-Selection:
1. At least one Z boson from a u*u~ pair 1. At least one Z boson from a u*u~ pair
2. my+,- € [86,96] GeV —> 2. my+,- € [73,120] GeV
3. Miecoil € [120,140] GeV 3. Myecoil € [120,140] GeV
+,,- +,,-
4. ph " €[20,70] GeV —p 4, pr " €[5,4+0] GeV
5. |05 Bmigsing| < 0.98 X Focaassi G Simaion 0opes)
l g 14001 5 = 240.0 GeV -3\?VZV = g
S [ L=5a" Zh= ww 1 S
Render the selection slightly dependent P A _;fc';';’gerlnol"el .
on the final state beyond the Z 800l 2 L1677 E sy
ees: . '
600l WW: 1791.0 7
C ZIl:  474.7
4001 Zz:  1358.0 -
200: :

All these significance numbers were

Calculated With Mrecoil E [124’ 126] Gev 920 122 124 126 128 130 132 134 136 138

Z leptonic recoil [GeV] Z leptonic recoil [GeV]
| COS Qmissin g

has a large effect on removingeeZand Z/y - utul o
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140

events

: T I 7T I TTT I TTT I 7T I TTT I TTT I 7T I TTT I T I:
1800 eez
- s =240.0 GeV mww
1600 | —5ap" Zly— pf'u'__
L ete = Zh - uuw +X I Zz ]
1400— ) ) —Z7H ]
- sel _Baseline_ osthetamiss

1200 S/VS + B:84.2
- ZH: 12090.8 ]
1000 ]
eeZ: 713.7 ]
800}~ WW: 1792.8 -
00l ZIl:  3612.2

400

200

FCC-ee Simulation (Delphes)
\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\Z‘(’\V\V)\I.‘l\\\

Vs =240.0 GeV Z(eehH
0E | —5ap7 — Z(vt)H
10° ete’ - ZH — ,u+,u' +X — Z(qo)H

JF selt — Z(ww)H
10 Il vyttt
10° i vyt
10° 4

107°
-1 -0.8 -0.6 -0.4 -0.2 .
. cosemissmg
After Pre-Selection:
1. At least one Z boson from a u*u™ pair

2. M+, € [80,100] GeV

FCCAnalyses: FCC-ee Simulation (Delphes)

Z7: 2404.3

‘PZO 122 124 126 128 130 132 134 136 138 140



BDT settings

+* XGBoost

** Samples
» “Spring2021 training” for training and validation of the BDT model
» “Spring2021” for final analysis

** Number of events for BDT training:
» Total Number of Signals: 638118 (90% of events passed the APC-3-Selection)
» Total Number of backgrounds = Total Number of Signals
» Number of events of each process is proportional to their cross-section X cut efficiency (from fcc-event page)

> 23oreventslormaning | 2 T TR =

#Events 638118 96455 221428 300762 19471

Feature importance

» 1/3 of events for testing

** FCC-APC-Input-Variables :

1. Z_leptonic_pt (muon pair transvers momentum)
Z_leptonic_eta (muon pair pseudo-rapidity)
Z_leptonic_m (muon pair invariant mass)
Muon_acoplanarity (leading muon pair acoplanarity)
Muon_leading_pt
Muon_subleading_pt
Muon_acolinearity (leading muon pair acolinearity)
Muon_leading_eta
9. Muon_subleading_eta

Ang LI--APC-Paris  22/11/2022
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https://fcc-physics-events.web.cern.ch/fcc-physics-events/Delphesevents_spring2021_IDEA.php

BDT settings

] FCCAnalyses: FCC-ee Simulation (Delphes)
] [ signal_train [ bkg_train
| L_-_:-_:l:i Slgll’lal_valld L_:__:i bkg_valld % :IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIlelelélllllllz
- > - p—
; & 90001 |5 = 240.0 GeV m.ww ]
0 " L=5ab" 2= w7
[ ete > ZH — utu + X -gﬁ i
T 4000 S0 himecoir w73 120_pTil_05 _ B
; ; ]
. i 3000 —
1071 4 L — 7
: i i
! i
E 2000
1
1
1
i
1072 5 i 1000
] i
i
T T T T ! T O 1111 1111
0.0 0.2 0.4 0.6 0.8 1.0 0 01 0. 1

BDT Score

» No obvious overtraining:

L BDT model has similar performance on signal (background) training and validation samples at high (low) BDT score
O Signals are concentrated at high BDT score,

Ang LI--APC-Paris  22/11/2022 muon pair means pair of two leading pT muons in case there are more than 2 muons in the event. 11



Baseline vs. BDT

FCCAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes)
E 18c)o:_lII|III|III|III|III|IIIllllllllelelzllllll_: 4.5()Of_llI|III|III|III|III|Illllllllllelelzllllll_f > Similar Significance but 13%
=) C (s =240.0 GeV I wWw . - Vs =240.0 GeV . Ww . Toti
S 1600F | - 5 ab" Zh—uww  4000F | _ g b Ziy— more statistics
2 T ete — — utu N Zz ] E e’ — — utu QA E
£ 1400F © © , ‘ HoH X — ZH — 3500 © © Z Wi+ X — ZH -
q>_> C sel_Baseline_np Lcosthetamiss ] - sel0_MRecoil_MIl_73_120_pTIl_05_MVAO03 .
1200f S/VS+B:84.2 3000 S/NS+B:84149 3 Removing cos theta can be
1000 ?(:Z 172103938 4 2500F i:z ;2;2922 E used to determine the cross
soof- Ww: 1792.8 o 20005 ww:37131 4  Section without bias
600:— ZIl: 3612.2 _: 1500:_ Zl: 5209.3 _:
= Z: 2404.3 : - . 3054.3 .
400 - 1000 -

20 122 124 126 128 130 132 134 136 138 140 20 122 124 126 128 130 132 134 136 138 140
Z leptonic recoil [GeV] Z leptonic recoil [GeV]

APC-2-Selection(baseline)-nocostheta: APC-3-MVAO03:

1. At least one Z boson from a utu~ pair 1. At least one Z boson from a u*u~ pair

2. my+,- € [86,96] GeV 2. my+,- € [73,120] GeV

3. Mpecoil € [120,140] GeV 3. Mpecoil € [120,140] GeV

4 4
5

piH € [20,70] GeV B i € [5, +o0] GeV
BDT>0.3

All these significance numbers were
Ang LI--APC-Paris ~ 22/11/2022 calculated with M,...i] € [124,126] GeV 12



Baseline vs. BDT

FCCAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes)
E 3000__II T | TTT | TTT | T TT | TTT | T TT | TTT | T T Ielelzl T | T II__ E 3500:_II T | TTT | T TT | TTT | T TT | TTT | T TT | TT Ielelzl T | T II_: > Similar Significance but 14%
S [ Vs =240.0 GeV . ww 1 8 (s =240.0 GeV  ww ] . L.
S - 5ab Zy—ww { o " _ 5oy Z/y— ww more statistics
< 2500 L=5ab — 3 3000 L=5ab 7z -
2 feftel > Zh - uu + X . Zz 1 2 - e'e > Zh — utuw + X o N
% Baseline —ZH n g I sel0_MRecoil_ 73_120_pTIl_ 057MVA037costhet% ]
- ] 2500 .
2000— — - . .
! S/NS +B:94.4 : S/NS +B:95.20 5 The BDT+c050mssing Selection
i ZH: 11671.7 ] 2000F ZH: 13233.9 - can be used for mass
15001~ eeZ: 2.8 7 - eeZ: 3.5 . d . )
- WW: 1791.0 ] 1500 WW: 3707.2 1 etermination
1000 ZIl: 4747 - ; Zll: 6209 ]
B zz: 1358.0 7 1000¢ 77: 1753.7
5001 - - e

20 122 124 126 128 130 132 134 136 138 14C

20 122 124

126 128

130 132 134 136 138 140

Z leptonic recoil [GeV] Z leptonic recoil [GeV]
APC-2-Selection (baseline): APC-3-Selection-MVAOQ03-costheta :
1. At least one Z boson from a utu~ pair 1. At least one Z boson from a u*u~ pair
2. my+,- € [86,96] GeV 2. my+,- € [73,120] GeV
3. Mpecoil € [120,140] GeV 3. Mpecoil € [120,140] GeV
4. p“'* €[20,70] Gev 4. p"'* €[5, +00] Gev
5 |cos Hml-ssing| < 0.98 5 |cos Qmissing| < 0.98

6. BDT>0.3

All these significance numbers were
Ang LI--APC-Paris ~ 22/11/2022 calculated with M,...i] € [124,126] GeV 13



Summary and outlook

*Summary:
Optimized event selection to reject main backgrounds
USignal modelling with customized PDF
W Statistical analysis yields Higgs mass uncertainty 6.7 MeV, cross-section 1.07 % (stat-only)
WInclusion of systematic uncertainties results into 7.2 MeV / 1.10% respectively
Uincreasing detector magnetic field from 2T to 3T has significant effect on my but small effect on cross-section

LUse BDT cut in the selection, removing cos8p;ssing cut for model-independent cross-section measurement
with ~10% precision gain due to statistics

LUse BDT and cos0yssing cut in the selection for my determination with ~10% precision gain due to statistics

Expect ~6.5 MeV total error on mass, and ~1.0% precision on cross-section

+*Outlook:

UTrain BDT with lepton-collider friendly variables (MET, p7, 12 Eiss, P, 0)
UPass the BDT optimized selection to fit studies

UFSR uncertainty

Qinclusion of electron channel

L Categorisation of the events
Ang LI--APC-Paris  22/11/2022 14
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Mrecoll for x-section measurement

FCCAnalyses: FCC-ee Simulation (Delphes)

FCCAnalyses: FCC-ee Simulation (Delphes)

% :III|III|III|III|III|III|III|III|III|III:% _III|III|III|III|III|III|III|III|III|III_
o 4500 eeZ -1 O C eeZ ]
S [ Vs=2400GeV mww ] g 400 5 5400 Gev W
S' 4000:— L=5ab’ - ;/Zy—> Mﬂk'—: S 3500:_ L=5ab’ - ;/Zy_> M+M-_:
2] C e’ — — utu 1 2 o tes — — utu -
53500:_99 Z wu +X — Sl - e'e Z wu +X — .
q>) - sel0_MRecoil_MIl_73_120_pTIl_05_MVA03 . q>_> 3000:_ sel0_MRecoil_MIl_73_120_pTIl_05_MVA04 _:
3000 S/VS+B:84.1 - S/VS+B:85.0 1
2500F- ZH: 137222 3 00F ZH: 13207.7
eeZ: 948.9 1 o000 eeZ: 838.9 E

20001 WW:3713.1 - WW: 2928.8
15003_ ZII: 5209.3 _f 1500:_ ZIl: 4397.4 _:

- . 3054.3 . - Z7: 2799.0 :

1000 4 1000F E
26|1|22|I‘IIZAiI‘iZGII1|2é|1|36|1|32H134 136 138 14( 20 122 124 126 128 130 132 134 136 138 14(

Z leptonic recoil [GeV] Z leptonic recoil [GeV]

APC_3_MVAO03 APC_3_MVAO04

* The peak of S/+/S + B is between BDT 0.3 and 0.5
* For x-sec measurement, the significance maximize between BDT 0.3 and 0.5

All these significance numbers were
calculated with Mo € [124,126] GeV

Ang LI--APC-Paris
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events / 0.20 GeV

FCCAnalyses: FCC-ee Simulation (Delphes)

4000_ T T | T TT | T TT | T TT | T TT | T TT | T TT | T TT | T TT | TT ]
r eeZ .
3500/ Vs =240.0 GeV  ww _
F L=5ab" Zhy— ]
3000F €€ = 2 = w'u + X e
- selo_MRecoil ] 73_120_pTIL_05_MVA0S _ :
25001 S/VS+ B:85.0
2000 ZH: 12498.2 3
- eeZ: 718.6 .
15001~ WW: 2254.1 -
- ZIl:  3648.6 .
10001 7Z: 24973

Z leptonic recoil [GeV]

APC-3-MVAO0S:

20 122 124 126 128 130 132 134 136 138 140
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Mrecoil for mH measurement

FCCAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes)
> :||||||||||||||||||||||||||||||||III|III:>3500r..|||||||||||||||||||||||||||||I|III|II+—_> —"'|"'|"'|"'|"'|"'|"'|"'|'"|"'—
& 3500 \7\7\/Zv 4 & : eeZ 1 8 4000l eeZ B
8 ~ Vs =240.0 GeV o 19 " s =240.0 GeV W 1 g T /s = 240.0 GeV W ]
2 so0of- L=5ab” §/ZY_> W] o 3000 5 p Zh=wwd o L L =5ab’ Ziy— ww ]
‘% rete > Zh - utw+ X ! 1 2 - ete = ZW — utu + X . ZZ - £ 25001 e*e” — ZH — utu + X i Zz .
3 25002_ sel0_MRecoil Ml 73_120_pTil_05_MVAO3_costhetamiss _: % 2500 selo_MRecoil_MI|73_120_pTiL_05_MVAO4_costhetamiss ] % L selo_ MRecoil [/ 73 120 pTil 05 MVAO5 costhetamiss ]

E S/VS+3952 E E S/VS+3954 E 20001 S/m947 _
2000 ZH: 132339 1 20001~ ZH: 12743.0 - o Z
C 7: 3.5 ’ - . - ZH: 12067.1 .
- eeZ: 3. . - eeZ: 3.0 . 15001 7. 2.7 ]
1500:— WW: 3707.2 —: 1500~ WW: 2925.6 — - ees: . -
: ZI: 6209 ° : 2 ses2 ] A
1000~ 77- 17537 - 1000~ 77. 15977 ' ZIl:  493.5 ]
. ’ - ] - ZZ: 1419.7 -
- 500 — 5001 —

20 122 124 126 128 130 132 134 136 138 14( 20 122 124 126 128 130 132 134 136 138 14 P20 122 124 126 128 130 132 134 136 138 140

Z leptonic recoil [GeV] Z leptonic recoil [GeV] Z leptoni i
ptonic recoil [GeV]
APC_3_MVAO03_ costheta APC_3 MVAO04_ costheta APC-3-MVAO5 costheta :

* The peak of S/+/S + B is between BDT 0.3 and 0.5
* The MVA+cos0yssing selection can be used for mass determination

* For m-H measurement, the significance maximize between 0.3 and 0.5

All these significance numbers were
calculated with Mo € [124,126] GeV
Ang LI--APC-Paris  22/11/2022 17



Mrecoll for x-section measurement

FCCAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes)
> [T TT | TTT | T TT | TTT | TTT | TTT | TTT | T TT | TTT | T 1T 1] > 4500_—|‘I T | TTT | TTT | TTT | T TT | TTT | T TT | TTT | T TT | T I1:
3 o000 eeZ . & - eeZ .
8 - Vs =240.0 GeV . Ww { & 4000 Vs =240.0 GeV .ww
S 5000 L=5ab” Zh=wwl S E | _5ap" Zhy— phu
[ [ ete = ZH — utu + X I ZZ 1 2 3500F ete — ZH — u'u + X I ZZ =
3 - — ZH ] S - — ZH ]
q>_) | selo_MRecoil_MIl_73_120_pTIl_05 i > - sel0_MRecoil_ 73_120_pTIl_05_costhetamiss N
® 4000 - © 3000 =
: S/NS+B:758 1 S/VS+B:89.1 1
30001 ZH: 14518.2 B - ZH: 13988.6 ]
B eeZ: 1316.6 ] 2000:— eeZ: 4.9 —: > For APC3 Selectlon, CcoS Hmissingl
- ] - : 7760. ] :
2000 - 1500 WW: 7760.8 - has a large effect on removing eeZ
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Z leptonic recoil [GeV] Z leptonic recoil [GeV]
APC-3-Selection: APC-3-Selection_ costehta :
1. Atleast one Z boson from a 1. Atleast one Z boson from a
ptu pair pru pair

2. my+,- €[73,120] GeV 2. my+,- €[73,120] GeV
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All these significance numbers were |COS emiSSingl <0.98

calculated with Mo € [124,126] GeV
Ang LI-APC-Paris ~ 22/11/2022 18



Mrecoil for mH measurement
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Z leptonic recoil [GeV] Z leptonic recoil [GeV] Z leptonic recoil [GeV]
APC-3-Selection costehta : APC_3_MVAO1_ costehta APC_3_MVAO02_ costehta
1. Atleast one Z boson from a
pru pair

2. my+,- €[73,120] GeV
3.  Mpecoil € [120,140] GeV
4. p"'* €[5, +00] GeV

5 |cos Hmissing| < 0.98

All these significance numbers were
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