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Motivation

o At \/E = 240 GeV the Higgs boson 1s

produced 1n association with a Z boson —
measure couplings !

« Expand the analysis at \/E = 365 GeV

Handbook of LHC Higgs cross sections
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First Look at the

— ete’ = HZ
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» Analysis of full hadronic final state

o Z(ID(BR(Z - ) ~ 6.7 %) and Z(vv)
(BR(Z - vv) ~ 20 % ) channels have been already
addressed

» Z(qq) provides significantly higher statistics
BR(Z — qq) ~ 70 %

» Greater challenge though since it depends on jet
clustering

* Jet energy resolution 1s worse than measuring a track
momentum and electromagnetic energy resolution

« Ambiguity on finding which jets are originated from
Z and H


https://arxiv.org/abs/1308.6176
https://arxiv.org/abs/1610.07922
https://indico.cern.ch/event/1176398/contributions/5208222/attachments/2582981/4456976/2023_01_27%20-%20Higgs%20hadronic%20branching%20ratios%20with%20ZH%20at%20FCCee.pdf

Analysis overview
* Signal

) Z—>]],H _>]] (] — bacasag)
* Backgrounds:

» WW, 24, Z2qgqg, HWW H/Z/Z, HZy, vvH
e Jets reconstruction

» N =4 Durham ee ky exclusive algorithm
» ParticleNet jet tagger (7 categories: b, c, s, g, 7, u, d)
* Analysis
» Cuts & Events selection (orthogonal to Z(//)H and Z(vv)H analysis)

» Jet pairs based on tagger scores & combinatorics
» Fit and sensitivity extraction
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https://cds.cern.ch/record/236610/files/th-6473-92.pdf

Datasets

 FCCAnalysis framework used to produce ntuples, then analysis with standalone scripts
* IDEA Detector (delphes fast sim) (winter2023 samples)
 Training model for ParticleTransformer “wc pt 7classes 12 04 20237, tagger scores: b, c, s, g,T,u,d

Process Cross-section Events Process Cross-section Events
pb~] pb™]

Signal || ete™ — Z(cc)H(gg) 0.001911 400000 Background || ete™ — Z(bb)H (77) 0.00188 400000
ete™ — Z(cc)H (ss) 0.000006 300000 ete” — Z(ss)H(7T) 0.001879 400000
ete™ — Z(cc)H (cc) 0.000675 400000 ete™ — Z(cc)H(TT) 0.001464 400000
ete™ — Z(cc)H (bb) 0.013590 200000 ete” — Z(qq)H(7T) 0.003346 200000
ete™ — Z(qq)H(gg)  0.004367 400000 ete” — Z(bb)H(Z~) 4.594e-05 400000
ete™ — Z(qq)H(ss)  0.000013 400000 e"e” — Z(cc)H(Z) 3.578e-05 400000
ete™ — Z(qq)H(cc)  0.001542 200000 ete” — Z(qq)H(Zv) 8.177e-05 393135
ete™ — Z(qq)H(bb)  0.031070 500000 ete” — Z(ss)H(Z) 4.593¢-05 300000
ete— Z(bb)H(gg) 0.002454 200000 616: — Z(cc)HWW) 0.005023 1200000
ete™ — Z(bb)H(ss)  0.000007 400000 cre” = ZlagHWW) - 0.01148 = 1100000
ete™ — Z(bb)H(cc) 0.000866 400000 e+e_ — Z(ss) HWW) 0.006447 1200000
ete™ — Z(B)H(Wb)  0.017450 100000 ere” = ZMHWW) - 0.00645 1000000
ete- s Z(ss)H(gg) 0002453 400000 cte” — Z(bb)H (Z Z) 0.0007915 1000000
ete~ s Z(ss)H(ss) 0000007 300000 cte” — Z(cc)H(ZZ) 0.0006164 1200000

N ete™ — Z(qq)H(ZZ) 0.001409 1200000
eTe” — Z(ss)H (cc) 0.000866 300000 fom s Ze\NF(77 0.0007919 600000
ete™ — Z(ss)H([b)  0.017450 200000 cre = Zlss)H(Z2) '
ete” — Z(vv)H(57) 0.046191 3500000
ete™ — WTW- 16.4385 373375386
Samples for H — gq(u, d) not there yet ete~ = 77 1.35899 56162093
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Cuts

* Events (orthogonal to /[, vv analysis)

» n; = 4 per event

* Cuts on leptons
» lepton (both e, u) p; <20GeV & n,, <72 per event

e Cuts on mViS, HViS

. mViS > 150 GeV,
« 0.15<0,, <3

e Clustering merging parameter cut (d,,, dy3, ds,)
» > on the energy correction <30
* On the jet pairs

. . . « e - 2 . 2 . . .
o Pairs: Find minimum (m]-1 i m,)~ + (mj3 i my;)~ for all jet combination

\/ (mzjj — mW)2 + (mH]j — mW)2 > 10, \/(mzjj — mZ)2 + (mH]j — mZ)2 > 10, ZZ, WW rejection
e 50 < my. < 125 GeV, My > 91 GeV
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Cut efficiencies

Lepton cut | Mg, Ovis | di; Lepton cut | Myis, Ovis | di;

ete” — Z(cc)H(gg) 98.7 88.3 87.2 || ete” — Z(bb)H (7T) 63.7 43.9 32.8
ete™ — Z(cc)H(ss) 99.0 88.4 86.3 || eTe” — Z(ss)H(7T) 67.1 48.3 36.4
ete™ — Z(cc)H(cc) 96.6 88.1 86.1 || eTe™ — Z(ce)H (17) 68.0 50.2 38.1
ete™ — Z(cc)H(bb) 89.7 83.5 81.2 || eTe™ — Z(qq)H(77) 67.9 50.1 38.1
ete” — Z(qq)H (gg) 99.8 86.2 85.2 || ete™ — Z(bb)H (Z~) 86.5 62.4 61.3
ete” — Z(qq)H(ss) 99.9 86.6 84.6 || ete™ — Z(ss)H(Z~) 90.5 64.0 62.9
ete™ — Z(qq)H (cc) 97.8 87.1 85.2 || eTe™ — Z(ce)H(Z~) 91.7 63.7 62.5
ete™ — Z(qq)H (bd) 91.4 83.8 81.7 || ete™ — Z(qq)H(Z~) 91.6 63.1 61.9
cTe = Z(bb)H(g9) 04.6 7.0 | 85.9 || ete — Z(bb)H(WW) 61.7 574 | 54.6
ete™ — Z(bb)H (ss) 95.0 87.3 85.1 || eTe™ — Z(ss)H(WW) 68.0 59.8 57.0
ete™ — Z(bb)H (cc) 92.1 85.7 83.4 || ete” — Z(cc)HWW) 68.7 59.9 57.0
eTe~ — Z(bb)H (bb) 344 798 | 773 |[efe = Z(qHWW) | 686 504 | 56.6
ete” — Z(ss)H(gg) 99.8 87.0 85.9 || ete” — Z(bb)H(ZZ) 81.8 60.6 57.8
ete” — Z(ss)H(ss) 99.9 87.2 85.2 || ete™ — Z(ss)H(ZZ) 86.1 63.3 60.5
ete™ — Z(ss)H(cc) 97.8 87.7 85.7 || eTe”™ — Z(ce)H(ZZ) 87.5 63.9 61.1
ete™ — Z(ss)H(bb) 91.3 84.1 82.0 || eTe™ — Z(qq)H(ZZ) 87.5 63.6 60.8

ete” = Z(vv)H(jj) 87.5 00.1 00.0

ete” - WTW- 64.1 45.1 37.9

ete™ — 27 79.8 43.4 38.1

Te = Z/7 (qd) 96.5 318 | 07.6
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FCCAnaIyses: FCC-ee Simulation (Delphes)
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Distributions on M .. and 0,
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Distributions on d;;

FCCAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes)
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Jet pairs reconstruction flow chart

Monte Carlo
samples
(36 categories)

Four same flavour jets

r* combinatorics
D _ forall jets
}‘ N\ "/

bbH, H->bb Two pairs found 1
\ Different flavour per pair J< ~ )
( bbH, H->cc Durham Ky Z, H assignment
\ exclusive, Nigs=4
’ \ ol f—{ One pair found ] a N\
bbH, H->ss J - N
. J \ > X2 per pair fo
r ) ZH
bbH, H->gg | Highest Score\ air 1 2X ~ o
\ y Per Jet = pd %% NO pair found Recover pair
[ ) j=b,C,S,g,T,U,d neing J Find pair of same
ccH, H->bb flavor with highest
) ’ sum of scores
@) \—>[ Three same flavour jets Keep pair with highest - N
sum or score 2
O X
O
O \_{
WTw-

Z/y*(qq)

% COLLIDER
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Jet energies

e Technigue of Jet
energy “‘correction”
by Patrick
implemented

 Added the inversion
of the directions

matrix to
FCCAnalysis

* In case of wrong
calculation, use

nominal values (small

percentage of events)

Precision with e*e™ colliders (4)

o Why are e*e™ colliders the tool of choice for precision anyway ? (cont’d)
+ Electrons are leptons, i.e., elementary particles: no underlying event

e Corollary: Final state has known energy and momentum: (+/s, o, 0, 0)

¢ Example: anete" = WW~ — qaqa candidate
e Four jets in the event and nothing else
e Total energy and momentum are conserved
> E, +E,+E,+E =1/s
- Pix,y,z + pzx,y,z + p3x,y,z + pl'x,y,z =0

e Jet directions (f. = p./E.) are very well measured

1
g
B

L /3)1Z

1
B,
b
b

1
b5
b3
b

1
Ba
p.

P ||

E, Js
E, | | o
E, || o
E, 0

e Jet energies (or di-jet masses: m,,) determined analytically by inverting the matrix

= No systematic uncertainty related to jet energy calibration
A lot of Z are available anyway to calibrate and align everything

= . FUTURE
¢) Brookhaven (<) CIRCULAR
National Laboratory 7/ COLLIDER
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https://indico.cern.ch/event/520958/attachments/1317890/1975079/FutureColliders_2_2016.pdf

Zqq

ZZ

wWw

Z—vv H—qq
Z— qq, HZ— ZZ
Z— ss, H— ZZ
Z— cc,H—= Z2Z
Z— bb, H— ZZ
Z— qq, HZ— WW
Z— ss, H—= WW
Z— cc, H= WW
Z— bb, H— WW
Z— qq, HZ— Za
Z— ss, H— Za
Z— cc, H— Za
Z— bb, H— Za
Z—gqqH— 1t

background

Z— sS H— 1t
Z—cc,H— 1t
Z— bb, H— 1t
Z— ss, H— bb
/Z— ss, H— cc

Z— ss, H—ss
Z— ss, H— gg
Z— bb, H— bb
Z— bb, H— cc
Z— bb, H— ss
Z— bb, H— gg
Z— qq, H— bb
Z— qq, H—cc
Z— qq, H— ss
Z—qq, H—gg
Z— cc, H— bb
Z— cc, H— cc
Z— cc, H—ss
Z— cc, H— gg

B C S G

* 100% of the events (after cuts) now reconstructed

~N - FUTURE 7 . ‘
() Spusan CIRCULAR » eg B = bb pair found (no H or Z assignment yet)




Zqq

7

WWwW

Z—vv H—qq
Z— qq, HZ— ZZ
Z—ss, H—=ZZ
Z—cc, H—= 27
Z— bb, H— ZZ
Z— qq, HZ— WW
Z— ss, H—= WW
Z— cc, H— WW
Z— bb, H— WW
Z— qq, HZ— Za
Z— ss, H— Za
Z— cc, H— Za
Z— bb, H— Za
Z—qqH— 1t

background

Z— ss H— Tt
/Z— cc, H— 1t
Z— bb, H— Tt
Z— ss, H— bb
Z— ss, H— cc

True

/Z— ss, H— ss
Z— ss, H— gg
Z— bb, H— bb
Z— bb, H— cc
Z— bb, H— ss
Z— bb, H— gg
Z— qq, H—bb
Z— qq, H— cc
Z— qq, H— ss
Z—qq, H—gg
Z— cc, H— bb
/Z— cc, H— cc
/Z— cc, H— ss

signal

Z— cc, H— gg

U D TAU B C S G
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Zqq

ZZ

WWw

Z—vv H—qq
Z— qq, HZ— ZZ
Z—ss, H—= 27
/Z—cc, H—= 27
Z— bb, H— ZZ
Z— qq, HZ— WW
Z— ss, H—= WW
Z— cc, H— WW
Z— bb, H— WW
Z— qq, HZ— Za
Z— ss, H— Za
Z— cc, H— Za
Z— bb, H— Za
Z—qqH— 1t

7 ssHo o372
2 co, e 83100
2 bb, He 83866

Z— ss, H— bb
Z— ss, H— cc

/Z— ss, H— ss
Z— ss, H— gg

Z— bb, H— bb
Z— bb, H— cc
Z— bb, H— ss

Z— bb, H— gg
Z— qq, H— bb
Z— qq, H— cc
Z— qq, H— ss
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My My;; distributions for 7.2ab-!

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

 FCCAnalysis framework used to produce ntuples, then analysis with standalone scripts
* IDEA Detector (delphes fast sim) (winter2023 samples)
 Training model for ParticleTransformer “wc pt 7classes 12 04 20237, tagger scores: b, c, s, g,T,u,d

Process (365) Cross-section  Events Process Cross-section  Events
[pb ] [pb]

Signal || eTe™ — Z(cc 0.001182 1200000 Background || ete™ — Z(bb)H (77) 0.001153 1000000
ete” — Z(cc 2.887e-06 1100000 ete” — Z(cc)H(17) 0.0009054 1200000
ete” — Z(cc 0.0004173 1100000 ete™ — Z(ss)H(17) 0.001163 1100000
ete” — Z(cc 0.008407 900000 ete” = Z(qq)H(7T) 0.00207 1200000
ete” — Z(qq 0.002701 1100000 ete” — Z(bb)H(Z~) 2.819e-05 1100000
ete~ — Z(qq 6.599¢-06 1100000 ete~ — Z(cc)H(Z7) 2.213¢-05 1100000
ete” — Z(qq 0.000954 1100000 ete” — Z(ss)H(Z~) 2.842¢-05 1200000
ete™ — Z(qq 0.01922 1200000 ete™ — Z(qq)H(Z) 5.058¢-05 1100000
ete™ — Z(bb 0.001506 1200000 ete~ — Z(D)H(WW)  0.003957 1200000
ete” — Z(bb 3.678e-06 1200000 ete” — Z(cc) HWW) 0.003107 1200000
ete” — Z(bb 0.0005316 1200000 ete™ = Z(qq)HWW) 0.003989 1000000
eTe” — Z(bb 0.01071 1200000 ete” — Z(ss)H(WW)  0.007101 1100000
eTe” — Z(ss 0.001518 1200000 ete™ = Z(W)H(ZZ) 0.0004857 1000000
eTe” — Z(ss 3.708¢-06 1200000 ete™ — Z(cc)H(ZZ) 0.0003813 1000000
e"e” — Z(ss 0.0005359 900000 ete™ — Z(ss\H(ZZ) 0.0004896 1100000
ete” — Z(ss 0.0108 1200000 ete™ — Z(qq)H(ZZ) 0.0008715 1200000

ete~ — Z(v)H(j7) 0.05394 2200000

ete” - WTW~— 10.7165 11754213

T4 £ i ete” — ZZ 0.6428 11470944

u.’\ NBaigncglkLI;IbEr\;gp' (iE/RW O STRCULAR additional 7 In ete™ = Z/v*(qq) 21.4149 6000000
Y 7 COLLIDER backgrounds eTe™ s+ 0.8 2700000




Cuts

* Events (orthogonal to /[, vv analysis)

» n; = 4 per event

* Cuts on leptons
» lepton (both e, u) p; <20GeV & n,, <72 per event

e Cuts on mViS, HViS

e m,;, > 150GeV, E ;. > 190 GeV
« 0.15<0,,<3

e Clustering merging parameter cut (d,,, dy3, ds,)
« v on the energy correction <100
* On the jet pairs

. . . « e - 2 . 2 . . .
o Pairs: Find minimum (m]-1 i m,)~ + (mj3 i my;)~ for all jet combination

\/ (mzjj — mW)2 + (mH]j — mW)2 > 10, \/(mzjj — mZ)2 + (mH]j — mZ)2 > 10, ZZ, WW rejection
e 50 < my. < 125 GeV, My > 91 GeV

Q’\ Brookhaven CE{W FUTURE

National Laboratory \\_/ 8|(§|_(|>_PEI)_|'EARR
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Cut efficiencies

Lepton cut Mvisa EViS) Hvis le X2 Lepton cut MViS) evis le X2
ete” — Z(ce)H (gg) 95.1 75.3 74.7 | 72.2 ete” — Z(bb)H(717T) 55.2 49.5 42.5 | 19.6
ete™ — Z(cc)H(ss) 95.6 76.0 75.3 | 73.0 ete” — Z(ss)H(1T) 61.1 55.6 47.4 | 22.4
ete” — Z(cc)H(cc) 90.4 74.0 73.5 | 70.2 ete”™ — Z(cc)H(TT) 63.8 58.5 49.9 | 23.6
ete™ — Z(cc)H (bd) 80.9 68.6 68.2 | 63.3 ete” — Z(qq)H(TT) 63.8 58.5 49.9 | 23.6
ete” — Z(qq)H(g9) 99.3 75.0 74.1 | 72.9 ete”™ — Z(bb)H(Z7) 78.5 62.4 55.0 | 46.7
ee” — Z(qq)H (ss) 99.8 75.7 74.8 | 73.7 ete™ — Z(ss)H(Z~) 86.3 67.3 58.4 | 50.7
e"e” — Z(qq)H (cc) 94.5 74.8 4.1 | 717 ete™ = Z(cc)H(Z) 90.3 69.1 59.4 | 52.0
e"e” — Z(qq)H (bb) 85.0 70.5 70.0 | 65.6 ete — Z(qq)H(Z~) 90.1 68.6 58.9 | 51.6
ete” » Z 36.6 71.8 713 | 67.0 — Z(bb HWW 57.8 198 | 481 | 36.6
e~ 7 87.2 2.4 /1.9 | 67.6 — Z(ss)H 63.8 53.7 | 51.6 | 40.2
ete” = Z 81.9 69.3 68.9 | 64.1 = Z(coH 66.8 55.0 | 52.6 | 41.2
cte” = 2 72.5 63.0 62.7 | 56.8 = Z(qQ) H(WW) 66.7 54.6 | 52.3 | 40.8
e =z 99.3 75.8 4.9 | 730 = Z(bb)H 73.0 60.4 | 53.8 | 39.6
cte = 2 J9.8 76.5 700 | 744 = Z(ss)H 30.8 652 | 5.5 | 43.7
B g 2;1? ;g;" Zgg 2623(2) — Z(cO)H 347 677 | 60.4 | 45.4
ce ' ' ' ' = Z(qq)H 84.7 67.3 | 60.0 | 45.0
- — Z(vv)H (j; 84.5 1.8 0.8 | 0.0
TS WITWo 63.8 118 | 312279
Ny 76.8 37.7 | 32.7 | 29.9
— Z/7*(qq) 99.6 31.2 15.9 | 15.4
it 53.6 50.5 | 49.5 | 37.9
. FUTURE
R (&) C CIRCULAR




— FCCAnalyses: FCC-ee Simulation (Delphes)

> L L Y L B I
) 1 09 _ B zov) Her)  lzss)Her) Il zco) Heyy [ Z(aa) H(r)__
O = M zoo) Hzy)  ElZcoHzy) Il Zeo) H@y) B Zss) Hzy) 3
: — \/E —_ 365 0 Ge V I z(ce) HwWw) I Z(qq) B z(ss) Hww) [ Z(bb) HWww)_]
1 08 — [T zob)HEzzy T Z(co) H(Z2) . Zqq Hzz) T Z(ss) H(ZZ—=
N = _ -1 ) 3
= = L=232ab Wzvvrn  Elw [ Wz 3
()] B . tt === Z(cc) H(gg) === Z(cc) H(ss) === Z(cc) H(cc) —
CI>J 107 = e'e — Z 0]) H (/f) — Z(co)Hbb)  ——Z(qa) H(ss)  — Z(aa) H(ga) 2(q) Hico) =
- == Z(qq) H(bb) Z(bb) H(ss) Z(bb) H(gg) Z(bb) H(bb)
6 B Before CUtS Z(bb) H(cc) Z(ss) H(bb) === Z(ss) H(gg) m— 7(sS) (ss)__
1 O 5 = Z(ss) H(cc) E
. 7
10 & =
10* =
3 _
10 .

102

10

1

107

0O 20 40 60 80 100 120 140 160 180
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events/ 1.01 GeV

Lepton distributions

FCCAnalyses: FCC-ee Simulation (Delphes)

I L L Y L OO

1 09 = Pzoo v [Pzes Hen [z ey lzaa ey =

E \/E — 365.0 GeV Bzov vz Pzeonzy  PzeoHEzy Bzes) He E

1 08 __ - ' I Z(co) Hww) [ Z(aq) Howw) [l Z(ss) Hww) [ Z(ob) Hww) —

= L =232 ab" Nzeb Hzz) Mz Hz) [Pzaarzz [zenezz 3

107 e’e” — Z(j) H(jj) Wevro B Wz W= —

E .tt ==2Z(cc) H(gg) ==Z(cc) H(ss) ==2Z(cc) H(cc) =

ol Before Cuts —Z(co) H(bb) ==Z(qa) H(ss) ~Z(qa) H(gg) ==Z(qa)Hico)

1 O ; ==Z(qq) H(bb) Z(bb) H(ss) Z(bb) H(gg) Z(bb) H(bb) _§

Z(bb) H(cc) Z(ss) H(bb)  ==Z(ss) H(gg) ==Z(ss) H(ss) ]
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10* E
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FCCAnalyses: FCC-ee Simulation (Delphes)

109 [ Z(bb) H(tt) EZ(ss)H(vt) [lZ(co) H(rr) MM Z(qq) H(tr)
Il Z(bb) H(Zy) Wl Z(cc) H(Zy) IllZ(qq) H(Zy) Bl Z(ss) H(Zy)

H

H

[ Z(cc) HWW) Z(qq) H(WW) Il Z(ss) H(WW)i Z(bb) H(WW)
\/E = 365 0 Ge V [ Z(bb) H(ZZ) W Z(cc) H(ZZ) [ Z(qq) H(ZZ) mm Z(ss) H(ZZ)

108 BZ(vv) HG) EWW mzz I Zag
L _ 2 32 b-1 ot == Z(cC) H(gg) == Z(cc) H(ss) === Z(cc) H(cc)
- . a ==Z(cc) H(bb) ==2Z(qq) H(ss) == Z(qq) H(gg) == Z(qq) H(cc)
- . . ==Z(qq) H(bb) ~ Z(bb) H(ss) Z(bb) H(gg) -~ Z(bb) H(bb)
107 e — Z(jj) H(jj) Z(bb) H(cc) ~ Z(ss) H(bb) == Z(ss) H(gg) == Z(ss) H(ss)
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FCCAnalyses: FCC-ee Simulation (Delphes)
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B 2o
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1 O Z(bb) H(gg) Z(bb) H(bb)

H(gg) === Z(ss) H(ss)

H;I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII|

0 1 2 3 4 5 6 7 8 9
number of muons per event

—

0

20



M

V1S?

FCCAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes)
III|IIII|IIII|IIII|IIII|IIII|IIII| III|IIII|IIII|IIII|IIII|IIII|IIII| IIII|IIII|IIII|IIII|IIII|IIII|_
108 W zob) Her) Il Z(ss) Ho) [l Z(co) Heo) I Z(qa) H(n 108 B Z(bb) H(vr) W Z(ss) H(xt) [ Z(cc) H(xr) Z(qq) Hxr) = 1()8 I Z(bb) H(rr) B Z(ss) H(xv) I Z(cc) H(rr) MM Z(qq) H(x7)
Wzoonz) Wzeor@) Mz ne) MzeoH 8 o) HOWW) 18 Z(00) HOWE) 20 HOW) Ebb’> Hown 5 (o0 H(W I 2(0c) HOWWI 2(58) HOWWIS Z06) HOWW
H ) (9
H (cc
H (g
H (bb
H (ss.
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E,. and 0

V1S

I IIIIII| N

events
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)
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Myyii My;; distributions

FCCAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes)
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Fit now moved to combineTF

Purity categories for H — jj

Fitting strategy

B, C, G S
L < 1.1 < 0.8
MC Sample ZH categories (16 total) Purity Il\{/l - [ill’é'S] - [2.&;,111.4]
36 total Z(b,c,s,q)H(b,c,s,g) Categories ' '
- N p N (3 total)
bbH Hbb vent Mz; (vs) mHii S
— BBy, [ H j : : e
bbH_Hcc \ Y, _
- — v, - N 9 Dex | Four signal strength
- A : 5GeV binonm, - o ”
bbH Hss BCeéven ,( M j P i > Hbb> "Hcce® "Hgg ' Hss
> < Uy ) :: (my bin 1 GeV) Shape-Combined fit
_ bbH_Hgg | ; S 2 (14 total bins) for all S+B in the
- 2 Bevent [ | j gL onh ""__ categories (25k bins)
CCH_be like %0 100 1101 130 140 150 .Hugo' e 80
; ) _ y,
ccH Hcc g A
N — J BG Expected Precision for the
O — o(ZH) x BR(H — jj) at 68% CL
: CB; " / H final state 240 240 & MCStat 365 365 & MCStat
N - ) H—b 0.25% 0.32% 0.50 % 0.52 %
([ ww O Z—jji(j=bscq) H-=cc 252% 3.38 % 3.65 % 4.68 %
[ o O H—qgg 1.92% 3.01% 3.08 % 4.15%
LA O H —s5  352% 477 % 554 % 664 %

~, 5 FUTURE
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https://cms-ml.github.io/documentation/inference/tensorflow2.html

ikelihood scans

\

Hbb (with MC stat)
| —— Likelihood scan &u = 0.32 %

-2ANLL

o

1.002 1.004 1.006
Signal Strength u

Hbb (without MC stat)
| —— Likelihood scan du = 0.25 %
Hessian 6u = 0.25 %

-2ANLL

O | | | | | | | | | l | | | | | | | | |

0.996 0.998 1 1.002 1.004
Signal Strength u

k’,\ Brookhaven CE/RW

National Laboratory \

- |Hcc (with MC stat)
4 |—| —— Likelihood scan du = 3.38 %
- Hessian du = 3.38 %

-2ANLL

3_‘___ ..............................................................................................................................................
25-:_ ...............................................................................................................................................
D\

| | L1 | | L1 | |
1.04 1.06 1.08
Signal Strength u

\

Hcc (without MC stat)
| —=— Likelihood scan du = 2.52 %
Hessian ou = 2.52 %

-2ANLL
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Signal Strength u
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Hgg (with MC stat)
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.................................................................................................................................................
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Signal Strength u
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| —— Likelihood scan du = 1.92 %

IIiIIIIiIIIIiII l IIiIIIIiIIIIiIIIIiII

0.97 0.98 0.99 1

]
96

of

1.01 1.02 1.03 1.04
Signal Strength u

-2ANLL

-2ANLL

Hss (with MC stat)
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e |
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Reminder ZH(vvjj) analysis now at
7.2ab-! at \/E = 240 GeV

2.32ab! \/E = 365 GeV

B C S G
L <1.1 < 1.0 <1.1 < 1.2
M €][1.1,1.9] €[1.0,1.8] €[1.1,1.7 € [1.2,1.5]
H > 1.9 > 1.8 > 1.7 > 1.5
4 )
Hbb - Myeco (vs) n; 4 Shape-Combined
L ( H ‘i g fit for all S+B in
- \ ‘ the 12 categories
é \ sl L E
Hcc Bevent/
N like \: M
- N - J
~ ) -
Hss event [ j __
N y . L | & e e N
- N _ like y Expected Precision for the
Hgg — Projection with o(ZH) x BR(H — jj) at 68% CL
4 .
\ / Sira 5 GeV bin ZH final state 240 240 & MCStat 365 365 & MCStat
O N H=b0b 031% 0.36 % 0.81% 0.847%
O ON M., Z —svw H—c 223% 2.68 % 4.69 % 5.01 %
O L(;lelzenﬂ H g9 095% 0.98 % 3.02 % 3.21%
tke H —s5 128% 145 % 358 % 395 %
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https://indico.cern.ch/event/1244371/contributions/5318807/attachments/2634898/4558226/2023_04_25_FCC_Iakovidis.pdf

Combine Z(vv)H(jj) & Z(jj)H(j))

 First attempt to fit the inv. and full hadronic channels with combineTF for

both /s = 240 GeV and /s = 365 GeV

Expected Precision for the
o(ZH) x BR(H — jj) at 68 % CL

Z H final state Combined Combined & MCStat
Q H—b  019% 0.22%
.\&’ 7 i (j=bscq H-—ce 145% 1.77 %
\& 7 H—gg 0.86% 0.88 %
> H—ss  112% 125 %
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