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Previous results

Last time :

No purity categories for Z(vv)

Luminosity for 240 GeV was 5 ab-1, now 7.2 ab-1
No analysis at 365 GeV

Old results :

[

template Z(nunu)H

cc ag ss Ww 2z 4
template comb. 0.33 2.16 1.10 134 1.56 11.5 4.00
analytic Z(ll)H + 0.35 2.32 1.14 140 1.68 10.7 3.25




Purity categorization

Goal : increase analysis sensitivity by including purity categories in the

samples before after
score of Hgg for cat gg score of Hgg for cat gg
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240 GeV

Training updates

Z(IhH, Z(vv)H and combination results



Update on the training

Before, training used only “40% of all samples in all categories. Now uses
up to Y90% (except sd to prioritize ss cat. in the training)

Z(vv)H before Z(vv)H now

Hbb EO.180.4©.0023.4 7 0 0O 000111.7061 0 Hbb mo.lsl.n.ooqo.lss.s 0 0.002.002.010.920.64 0

k .02 X:¥80.960.69 7.8 0.56 0 0.058.01114 0.450.0D.02 Hece o.oam 1.30.693.8 3.3 0.010.130.1 7.5 0.24.076.02
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Sldiie 0022.5 0.67 1.2 0.940.270.011.8 1.1 E).Bil 0:7 135
SIFR0.32 0.2 0.170.260.280.33 0 0.020\025)‘9@ 16 0.13
R IR0.33.08D.2D.074.240.36.002®.1 0.111.9 21

le[el®.000.0136.7 9.3 1.6 0.5 0 31 20 0.59.0268.03314
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Hbb Hcc Hgg HssHWWHZRtautaduu Hdd Hcu Hbs Hbd Hsd
Hbb Hcc Hgg HssHWVHZRtautaduu Hdd Hcu Hbs Hbd Hsd Predicted label

Predicted label 5



Training parameters

Variables :

TR R:)80.120.76.0029.1 49 0 0 0.000.009.470.53 0
Hee .o4m 1 0.473.9 2.D.00I20760.1 6.8 0.14.070.02
R 14 1L3Nel37 59 2.9 0 3 4.1 13024037 1
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Hbd

Going beyond d34 does not
improve the performance
Hbb Hcc Hgg HssHWWHZRtautaduu Hdd Hcu Hbs Hbd Hsd

Predicted label isTAU variable can be
removed to ease the training

el 0 0.0433.3 13 1.20.92 0 5.7 8.30.5D.05D.04 17




Training variables

Sufficient to get near perfect Slightly improves performances in
tautau labeling the ZZ cat.
500000 - - b
60000 - W Hcc
= Hgg
B Hss
50000 - 400000 + - HWW
I HZZ
40000 - [ Htautau
300000
30000 -
200000 A
20000 A
100000 -
10000 H
0 0 — . : :
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 -2 =1 0 1 2
log(1+event_d34)/5. (higgs_hadronic_m-100.)/35.



240 GeV results for 7 categories

Precision (%)

bb

cc ag ss WW Y4 T
Z(IhH 0.59 3.36 1.88 258 1.44 11.4 3.34
Z(l)H oLD 0.70 4.06 2.27 269 1.72 13.0 3.97
0.30 1.74 0.83 63.13 1.36 5.58 16.19

Z(I,wv)H OLD

N/A

0.33

2.16

1.10

134

1.56

11.5

4.00

(old-new)/old

22%

40%

30%

54%

38%

57%

18%

Systematics:
5% on bkg
MCstats

Conclusions:
Gain of sqrt(7.2/5.0)

Improvement of

with scaling to 7.2ab-1

with new MVA training




365 GeV

Event selection
Training
Z(IhH, Z(vw)H and combination

Combination with 240 GeV



365 GeV - introduction

Performed a "baseline" analysis of lIH (I=e,mu) and vwH channels at 365
GeV, to establish reference sensitivity (for further optimisation later)

Same variables used for event selection at 240 GeV, loosening inefficient cuts
(e.g. lepton momentum and recoil mass in IIH)
o no attention paid so far to efficiently reconstruct ZZ fusion in eeH channel nor separate
WW fusion in v_e v_e H channel

Use isolation to make channels orthogonal and improve S/B (at least one

isolated lepton with p > 40 GeV in IlIH, no isolated leptons with p>1 GeV in vvH)
Assume L=2.3/ab

Train MVA to discriminate among different Higgs decays
Fit each channel and combination to extract the ¢.BR of the various decays

10
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365 GeV - MC samples

o [fb]

eeH almost 2x larger than mumuH due
to Z fusion contribution
vH receives large contribution from
WW fusion

ee—-eeH production cross-sections vs Vs
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>0 iso-leptons with
one Z->11 candidate
m(11) 81-101 GeV

cos(theta_11)
120,

p>40 GeV

m(recoil)

Efficiency (%)

Eff. i

e channel (

mu channel (

m

ZH(other) channels wrt

Cut

No cuts
No iso-leptons with p>1 GeV
15<E_j1<105, 10<E_j2<70 GeV
|cos (theta_jj)|<0.9
cos(th_jl+th_j2)>0.5

cos (phi_j1-phi
80<mvis<280, 56<mmiss<350 GeV
d23>0, d34>0

ALl cuts

H->had

H->oth

Efficiency (%)

Eff.

quite large bkg after selection - but with different mvis,mmiss distribution than signal. Anyway
will check if sensitivity can be improved with extra selection

LEL]

3396

6!

ZHbb
43.11

Hbl

W N

w o

ZHbb
60.56

vvHbb
Yield
72289
65969
65513
57369
47080
46134
46072
46072
46072
46072

]

vvHbb
63.73

decays (%)

365 GeV - selection

Eff
0
ZHce ZHgg
46.41 46.73
ZHce ZHgg
35.75 35.98
ZHce ZHgg
65.22 65.70
Ww
47.25
vvHcc
EFf Yield Eff
- 3588 -
91 ELTY] 99
99 3516 99
88 3075 87
82 2522 82
98 2470 98
100 2465 100
100 2465 100
100 2465 100
= 2465 -
= o =
vvHce vvHgg
68.69 67.22
Ww

in ZH(other) channels wrt had decays (%)

ZHss
Eff Eff Yield Eff
5
98 98 5 98
93 93 5 93
66 3 66
86 86 ] 86
91 91 3 91
) 100 3 100
99 99 2 100
100 100 2 100
100 100 2 100
- - 1 -
- - 1 -
2
)
ZHss ZHWW ZHZZ ZHtautau
46.93 28.21 33.07 17.73
ZHss ZHWW 7Z ZHtautau
36.12 21.73 49 13.73
ZHwWW ZHZZ ZHtautau
66.02 39.64 46.46 24.78
2z tautau
44.66 40.61
vvHgg vvHss VVHWW
Yield Eff Yield Eff Yield
10161 = 25 = 26703
10084 99 25 100 15832
10022 99 25 99 15219
8763 87 21 87 13360
6987 80 18 82 10109
6849 98 17 98 9910
6831 100 17 100 9793
6831 100 17 100 9792
6831 100 17 100 9792
6831 = 17 = 7817
e = e - 1975
vvHss vvHWW VVHZZ vvHtautau qqH
69.38 36.67 41.73 23.86 1.29
2z tautau
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55.80

Eff
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100
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@
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]

W
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- [

Eff

100

0
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365 GeV - selection

IIH vwH

FCCAnalyses: FCC-ee Simulation (Delphes)

> LANLILL L L  ILO B O FCCAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes)
m B N T T T 1T T T T 7T T T T T T T 1T T 3 TTT TTT TTT TTT TTT TTT TTT TTT TTT TTT
G 1000 Ww N E F T T T T -w‘|N ] Ezsooo»— UL RN RRAN ILLAE RARE RS AN RARE .
3 . Vs =365.0 GeV B ZZ i S 30000 V5 = 365.0 GeV mz S | {s=3650Gev . 2z 1
o . B Zv % [ L-2a’ B2y N RGO
» [ L=2ab’ IIH(bb) _ 525000:— e'e = ZH = vb+ X =;§L&Z E 520000 e’ » ZH > WD+ X =;%EZ ]
[22] = - — 1 @ b Final gplection — B) A ® - o B 4
2 + oA + r VOH(bb) VUH (bb)
CICJ 800 | ee — ZH - / I < X ”H(gg) | F — WWH(gg) 1 r J— VVH(QE) ]
> Z(), m, jcos6,,m .m_ E  lep.veto,d >0 - | 20000~ VoH(cT) r — WD) 4
) " recoil” " jets” " miss 7 — ||H(CC) [ VOH(sS) ] — VUH(ss)
- [ VH(t) ] L ]
(ss 15000 fi verioww) - L :
( VWH(Z2Z) b r ]
600 ( 10000 - r ]

400

100 150 200 250 300 350 100 120 140 160 180 200 220 240 260 280

Mpyiss [GeV] Visible mass [GeV]

200
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365 GeV - MVA training

e Use same variables as for 240 GeV analysis and same training setup

IIH

Hbb H 0.62 0.017 0.44 : Hbb

Hcc Hcc 0.006
Hgg 7. 74 .3 0.001 Hgg
3 3
& 0.19 0.002 ®
. Hss 0.19 0.00 = Hss
I~ 1
= =
HWW HWW
Hzz S : 0.5 Hzz S 6 : " 03
Htautau 0 0 0.003 0 0 0.005 Htautau JOXNE 0 0 0.001 0.003 0.044
Hob  Hcc  Hgg Hss HWW HZZ Htautau Hbb Hcc Hgg Hss HWW HZZ Htautau
Predicted label

Predicted label

14



365+Comb. GeV results

Precision (%) bb cc gg ss ww 2z ™

Z(Il)H 365 1.23 8.20 4.24 1153 4.16 50.8 10.17
Z(I)H 240 0.99 3.36 1.88 258 1.44 11.4 3.34
Z(Il)H 240+365 0.53 3.1 1.71 252 1.35 1.1 3.18
Z(vv)H 365 0.68 3.95 2.51 214 3.35 50.1 10.2
Z(v)H 240 0.30 1.74 0.83 63.13 1.36 5.58 16.19
Z(vv)H 240+365 0.27 1.59 0.79 60.54 1.25 5.54 8.62

0.26 1.54 0.76 61.24 0.97 4.94 3.27
0.59 3.54 2.16 210 2.58 34.17 7.20

0.24 1.41 0.72 58.78 0.91 4.88 2.98

old comb. (240)(5ab) 0.33 2.16 1.10 134 1.56 11.5 4.00 15



Precision (%) cc gg ss Ww

240 GeV

Z(IH 240

Great improvement in the 240 GeV energy channel

Z(w)H 240 : : . 1.36

20% from luminosity rescaling and +15% from improved NN training

Z(ll+vv)H 240 0.26 1.54 0.76 61.24 0.97

Possible gain by choosing specific number of purity sub-samples for each
fitting categories



Precision (%) gg WwW

Z(Il)H 365 : : 4.24 4.16

365 GeV

Z(vv)H 365

Purity analysis WIP : significant gain possible in the channel + in the

combination
Selection and NN training can be improved

Z(I+vv)H 365 : : : : 7.20

Combine results for 365 GeV are coherent with parallel analytical fit



l Precision (%) cc gg ss Ww

Combination

Z(I1)H 240+365

The inclusion of 365 GeV in the combination yields in a “10%
improvement in sensitivity

Z(vv)H 240+365 027 159 . 1.25

Once again this is considering un-optimized selection and NN training

Z(I+w)H 240+365 : : : 0.91

old comb. (240)(5ab) . . : 1.56




Conclusion: next steps

Precision (%) gg ss wWw 2z ™

Combination with Z(qq)H(qq)

Optimise selection and implement purity categories for 365 GeV
Analysis including FV-violating samples and uu/dd is WIP

Try to disentangle VBF from ZH - for couplings fit at 365 GeV

StonyBrook colleagues interested to join effort
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Backup

Thank you



/ categories training

Zl|

Zvy

Hbb 0.1 0.88 0.0034 0.16 . Hbb : ; : 24 43 0.0026
Hee 13 069 41 Hee 19 . : a, 2.8 0.0026
R 17 18 H 53 5.9 Hgg

T 0]

0 o)

f [T 0.0093 0.28 7 1.4 f Hss ; ! 2.8

= 2

= =
HWW HWW
Hzz HzZ

Htautau 0 0.0011 0.11 0.085 PCENW

TeeNE O 00013 0O 0.0019 0.0037 0.067 PEENP

Hbb Hcc Hgg Hss HWW HZZ Htautau Hbb Hcc Hgg Hss HWW HZZ Htautau
Predicted label

Predicted label
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Results when fitting 7cat with the 13 cats training

Slightly better for ZZ only, worse for the rest

tautau
Z11_purity_240 3
Z11 365
Z11_purity_24@and3¢
Znunu_pu

Znunu_purity_:
Z11Znunu_puri
Z11Znunu_purity
Z11Znunu_purity_24@and365
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240 GeV for 13 categories

uu/dd scaled with BR(uu) = 1.2e-07 and BR(dd) = 5.5e-07
Flavour violating samples are scale such that 6.BR =1

Precision

(%)

Z(IH

Z(I)H no pur.

Precision (%)

cC

99

SS

7cat results for
comparison :
significant loss in 7
main categories
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240 GeV for 13 categories

Precision
)

Z(IH

Z(I)H no pur.

uu/dd & Flavour violation results in term of BR limits
Previous results from here

BR(Huu) < 1.8e-03 @95% CL
BR(Hdd) < 1.7e-03 @95% CL

BR(Hbs) < 4.5e-04 @95% CL
BR(Hbd) < 3.3e-04 @95% CL
BR(Hcu) < 3.0e-04 @95% CL
BR(Hsd) < 9.5e-04 @95% CL



https://indico.cern.ch/event/1304164/contributions/5513419/attachments/2689281/4666483/ZHvvjj_24072023.pdf

