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Introduction to HZZ channel

- Since the state has 3 Z bosons, there are multiple
combinations of final products.

- Final states having (u*u-, jj, vv) are promising channels,
owing to its clear signature. On the other hand, its low
statistics could limit the final precision.

- This presentation
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Higgs boson width and HZZ measurement

- [t is well known that the Higgs boson width and its precision
can be deduced using the H->/Z/* precision using following
relationship:

e BR(H-ZZ) = T(H—ZZ)/Ty « g};,,/Th

o o(/H) oc ga}{x

Gorrr X G
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H

- Independent measurement of 6(ZH) xBR(HZZ) and o(ZH)

- H->WW* measurement can do the same calculation and
current study shows that H->WW?* precision will dominate the
Higgs width precision (please refer the CEPC white paper )



Monte Carlo Simulation

- CEPC_v4 (240GeV, 3T)

configuration
- Generator: Whizard 1.95

(with ISR, L=5.6 ab’l, M,,,,,=125 GeV)

- Simulation :
Geantd and Mokka with ISR and
bremsstrahlung effects Signal Sample

_ -- /—upn, H—Z272*—vvqq
- Reconstruction: - Z vy, HoZZ —ppqo

Marlin and ArborPFA - 7—qq, H—>ZZ* v :



Analysis flow chart
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ldentify two muons from initial Z
boson using invariant & recoil mass
as usual
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Signature of Z(—>u+u‘) H(->77%)

# Distribution of invariant mass except two muons clearly shows each
decay mode.
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# Jet clustering I ’
N(jet)=2 0 — 200

Invariant Mass (from all of visible except di-muons) [GeV/ic?)

# Note that above distribution is obtained by allowing ZZ*->4v events to be saved, which are dropped normally in our analysis.
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Each signal shows 2 separate distribution in this kinematic phase space.




Separation on recoil mass distribution
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- 2D Recoil mass distribution
shows overwrap of two signal
channels

Black : Z—up, H—Z2Z2*—vvqq

Red : Z—vv, H—=ZZ*—punqq

- To make each category exclusive,

L
180
M, qq [GeV]

in other words, no double counting
of events, “separation” has been

performed on the recoil mass
distribution.



Overview table |. Cut-based analysis

Table 1 Overview of the requirements applied when selecting events (cut-based).

Pre-selections

N{(l) = 2, where leptons(l) should pass the isolation criteria
N(pt)=1, N(p~) =1 with E(up*) > 3 GeV
Nijet) =2

Selection (Cut-based) ppHrvgg ppHggr vrHpupgg vrrHggpp ggHrr gqH peprr

I"nIEI.{z.’:- DI‘dEI‘ Ji..b'fnlil.;;__-_ = Jﬂlrf_-lij Jnrfnlii_;s < Ji..rfjj Ji‘r'f“_“ = Ji..rfjj Ji‘r'f“j,-, < Ji..rfj_;i ﬂ‘fmim_; s Jﬂl‘f#;_,-, ﬂ‘fmi_-;l_; < ﬂ‘f#p

M., (GeV) [80, 100] 60, 100] [10, 60] [15, 55] [75, 100]

M;; (GeV) [15, 60] [60, 105] 110, 55] 160, 100] (75, 105]

Mpis= (GeV) [75, 105] 110, 55] 75, 110] [70, 110] [10, 50]
Mreeeit (GeV) [110, 140] - - [175, 215] (115, 155]

M- (GeV) - [175, 215] [110, 140] [115, 155] (185, 215]

MEeeol (GeV) [185, 220] - - - [110, 140]

Npro [20, 90] [30, 100] [20, 60] 130, 100] [40, 95] [40, 95]

lcos @, ;.| < 0.95

Adzz (degree) [60, 170] [60, 170] < 135 < 135 1120, 170]

Region masking

not-vvHZZ & not-qqgHZZ

not-upuHZZL & not-qqHZZ

not- uuHZZ & not-upHZZ
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Overview table Il. BDT-based analysis

Table 3 Overview of the requirements applied when selecting events (BDT-based).

Pre-selections

N(I) = 2, where leptons(l) should pass the isolation criteria
N{pT)=1, N(p—) =1 with E{,ui) > 3 GeV

Njet) =2

Selection (MVA) ppHirgg ppHggrr virHppgg v Hagup qgqHvv pp qqH pperer
I"vIﬁ.‘:-b D[‘dEI‘ Jﬂl'f[n T Jﬂlrfj_;j Jﬂl‘f]-ni_l.;;_;_ < Jﬂkf_j i Jﬂl‘f“,_,-, = Jﬂkf_j i Jﬂl‘f“” < Jﬂkf_j i Jﬂkf;njﬁﬁ = Jﬂl‘flr_,-,“ Jﬂkfnlii_;_i_;_ < Jﬂl‘flr_,-,“
M, (GeV) [80,100] - - - -
M;; (GeV) - - - - [75, 105]

M niee (GeV) - - [75, 110] - -
Mrecoll (GeV) (110, 140] - - - -
M.is (GeV) - - [110, 140] - -
MEeeoll (GeV) - - - - [110, 140]

Npro 120, 90] 30, 100] 20, 60] 30, 100] 40, 95] 140, 95]
cos Oy | < 0.95

Region masking not-v HZZ & not-qqHZZ not-uuHZZ & not-qgHZZ not-vv HZZ & not-upHZZ

BDT score = 0.14 = 0.01 > —0.01 = —0.01 = —0.04 = —0.01




Number ot expected events & efficiency

Table 2 Summary of the selection efliciency € and the number of expected events N..,; for each category after the final event

selection in the cut-based analysis..

(Cut-based) puHuvgg puHggu vrHppgg
Process e [%] Newt. e [70] Newt. € [7] New:.
Signal (“dominant”) 38 53 36 50 54 76
Signal (“sub”) 6 8 10 14 6 9
Higgs decays Bg. 2.2.10—3 25 | 7.0-102 704 | 5.3.10—4 6
SM four-fermion Bg. | 3.7-10—° 4| 49101 520 | 5.6-10—° 6
SM two-fermion Be. 0 0 0 0 0 0

virHggup qqHuvpp qgqH pperns
Process £ ‘Zi' :.'I-r: vi. £ [%] Ne’.'l-‘-f-. £ {Zi' Nt’.‘t'i-.
Signal (“dominant”) 36 51 26 37 23 32
Signal (“sub”) 8 11 7 10 4 6
Higgs decays Bg. 1.0-10—2 114 | 2.4.10—2 275 | 1.4-10—2 160
SM four-fermion Bg. | 4.3-107° 16 | 1.5-10—14 157 | 1.8.10—* 190
SM two-fermion Be. 0 0 0 0 0 0

- Signal efficiency : 27 - 60 %

13



DT analysis

BDT training and cuts are applied
after several simple cuts : M
c0s0, etc.

|\/|recoi|
XX?

I:Jall visible

I:)tall visible
|vldijet

|\/Idimuon

BDT cut position is
optimized based on the
measure, S/v (5+B),
which to be maximized.

2
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Obtained precision

Obtained uncertainty from each
category. Both of cut-based and

}Sﬂ T T LI B L B - [Tt
_ o | CEPC Prelimina © « CEPC Simulation | CEPC Prelimina
BDT-based results are shown g S.Bab",zmﬁe\-'w 320__ — S4B Fit S_Bab",24DGe‘-’w )
: =y, H=Z22 =y - | - Signal Z—vv, H=Z27 =’y
together. = | o | - " Bamground H
5 | 515 .
A(c-BR) [or L o
Category (e-BR) (7] 10l T * GEPC Simuation | i
cut-based BDT o 10/ |
ppHuvggert/mva 15.5 13.6 : - |
ppHgquyent/mva 48.0 42.1 20/ 5 1
vrHppuggeut/mva 11.9 12.5 |
],”;quﬁ#c:utf IMvEa 23 5 20.5 | B Iy AT P
cut fmwva = : 11 125 130 135 140 110 115 120 125 130 135 140
o EM UFL#{'ut..-" mva égi jjlg Mﬁjmll e H eel
qqiipepurrrys DL +-
Combined 8.34 7.89

Figs. Recoil mass distribution from two best categories.
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H->//%* part in the CE

°C white paper

/—un, H—Z7*—vvqq

M. : 80-100 GeV
Mrecoil :120-160 GeV

M, : 10-38 GeV
P.:> 10 GeV

/—vv, H=77*—l*lqq
- Visible Energy : < 180 GeV
- M : 58-138 GeV

missing*
- Mass & pt cuts on lepton/jet pairs

Events/0.8 GeV

CEPC 2018

[ T T L !
i 1 s CEPC Simulation [ CEPC 2018
120k 5.6 ab, 250 GeV . [ — S+BFit 5.6 ab’, 250 GeV ]
Z—uw, H—ZZ"—vvqq so Signal Z—w, H—=ZZ' —ur1qq-
: . Background
100 |~ N
40
80 5 >
® CEPC Simulation x 30
sol- S + B Fit ) Z
i = Signal - E
i Background 20
401 .
20
- L s H 212 s oL R e
120 125 130 i 135 140 100 110 120 130 140 150
MEsesl (GeV) M, 5 (GeV)
(a) (b)

Table 8. Expected relative precision for the o(ZH)xBR(H — ZZ7)

measurement with an integrated luminosity 5.6 ab™ .

ZH final state

precision
Z—ptu H— ZZ" — vigqg 7.2%
Z v H—Z7Z* — "6 qg 7.9%

combination 4.9% 16




Comparison of results

Precision from current | Precision in the white
analysis (cut-based) | paper

/—up, H—>Z72*—vvqq 15.5% 1.2%
/—vv, H=/Z/7*—uuqq 11.9% 8.2%"
2 channels combined 9.43% 5.4%

#7.9% in previous page is the combined results from Z—vv, H—>ZZ*—unqq & Z—vv, H—>ZZ*—eeqq
where the former precision of 8.2% is not separately shown in the white paper.

there are certain discrepancy here . . .
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Comparison of final recoil mass

In comparison with the current analysis (left), the figure in the white
paper (right) shows

s
=]

————
[ CEPC2018 : E CEPC Preliminary
. 120 - 2.0ab -, < . 5.6 ab’, 240 GeV
Much larger signal events : B ZuW, HooZZ—vvgg o Z iyt HooZZ vy
: 100 |- i 60 -
-- N(sig)~200 (old) ; c |
. 2 sl ] @

o N <S|g>~60 (Cu rrent) ; I » CEPC Simulation | I # = CEPCSimulation |
S S + B Fit 40 — 5+B Fit i
§ 60 N == Signal ] - Signal

(smaller bg. events ) LA Badgrouad | - ] - Backgroung

40 ] -
20
20 f " ;5-._
1 o5 TG0 a3 >0 5T 125 130 135 140
MEs=i (GeV) M7 [GeV]
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Number of events 7

Using following numbers,

-- 6,4,=204fb, L=5600 fb-!, BR(H->Z77) =2.64%, BR(Z->qq)=70%, BR(Z->vv)=70%,
BR(Z->un)=3.3%

N( Z—pp, H—=(Z—vv,Z*—qq) ) = 139 events

{4

Number of signal of more than 200 is not what we expect,
therefore, the possible scenarios would be,

1. The plotin the white paper is sum of 2 channel : (Z—vv, Z*—qq) + (Z—qq, Z*—wv)
despite the requirement, M : 10-38 GeV , is described.

2. Something wrong with the scaling in the old result



Ref: Situation of Z—up, H—(Z—qq,Z*—wv)

Background components for
/—up, H—(Z—qq,Z*—vv) channel

-- H—bb
-- H—>WW
-- zz-sl0mu-up/down
There are huge background to this channel

## N(sig) ~ 50 events

- Hard to bring the precision of
this channel to the opposite one.

Remaining background

components (“cut-based”)

name scale final
e2e2h_bb 0.21896 457
e2e2h_cc 0.011032 6
e2e2h_e3e3 0.023968 6
e2e2h_gg 0.0326888819557 2
e2eZh_ww 0.08176 312
e2e2h_zz 0.010024 7
e3e3h_zz 0.009968099681 2
qgh_e3e3 0.4844 4
qqh_zz 0.20216 14
7z _sl0mu_up 1.09032214858 125
zZ_sl0Omu_down 1.08025726079 386
7z _sl0tau_down 1.10887174477 4
ww _sl0mug 1.2235862395 6




Other info. - 1

-+ Obtained precision in Yugian's
thesis is relatively close to current
result.

(But the thesis is published in
2017)

R 52 HAZEREZEREFRITRE > 20%0FERENZIHER

55 36 %

Eo=E

GitRE

e e wjj

65=8

50.1%

15.1%

Wi

88+9

67.3%

12.0%

vwe e jj

43+7

27.6%

18.6%

w i

909

57.4%

11.4%

wjj

77+8

49.7%

12.9%

- Root files to make the distribution in the white paper, lack the
“weight” information, and weight=1 is assumed (info. from Kaili)

- Background samples might only include the one which has large

vield. (info. from Kaili)
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Other info. - 2

What is not in our analysis but is described in Yugian’s thesis :

- FSR correction

- LCFIPlus (' but no description of usage of tagging information in
HZZ analysis is found )

| Short Summary |

Although our analysis has a room to improve, not easy to reach
the level in the white paper.

A possible scenario is that the old result was obtained by including
very limited number of background events/components.



H—//* precision from the other future colliders

- |ILC

-- No * BR(HZZ))/o - BR(HZZ) = 18% with L=250 fb-! at 250 GeV
mmm) it is corresponding to ~5% by scaling the number of ZH events to that of the CEPC

-- Various HZZ final states are included in that estimation.
“ILC Higgs White Paper” arXiv:1310.0763

- FCC-ee
-- Ao - BR(HZZ))/o * BR(HZZ) = 4.4% with L=5 ab-! at 240 GeV

-- No specific information about the HZZ final states analyzed is obtained yet.

Abada, A., Abbrescia, M., AbdusSalam, S.S. et a/. FCC-ee: The Lepton Collider. Eur. Phys. J.
Spec. Top. 228, 261-623 (2019). https://doi.org/10.1140/epjst/e2019-900045-4



Summary

- H—//* decay is analyzed on the final state, having 2p, 2v,
and 2-jets.

- The final precision is obtained as 8.3% from the cut-based
analysis and 7.9% from the BDT-based analysis.

- On the other hand, the past result in the white paperis ~5%
which shows discrepancy, and we do not have clear conditions(s)
to account this difference yet.

- Any suggestions are welcome . Thank you very much !



