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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 Table : Promising decay product combinations
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Monte Carlo Simulation

- CEPC_v4 (240GeV, 3T)

configuration
- Generator: Whizard 1.95

(with ISR, L=5.6 ab"1, My,,.=125 GeV)

- Simulation :
Geantd and Mokka with ISR and
bremsstrahlung effects

Signal Sample

- Reconstruction: - Lo, H= 228 =vvag
-- Z—vv, H—=ZZ"—uuqq

Marlin and ArborPFA  7—qq, H=ZZ* v ;




Analysis flow chart
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Number of events

ldentify two muons from initial Z
boson using invariant & recoil mass
as usual
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Signature of Z(->p*tu)H(->Z27%*)

# Distribution of invariant mass except two muons clearly shows each
decay mode.
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M(missing) [GeV]

"hase space overwrap

-- puHvvaq, vvHpugg

ee—ZH—ZH(ZZ*)

-- vwHaquu , agHvvuu

-- qqHppvv , puHQQvy
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Separation on

recoil mass distribution

180

100

signal

] | | | ] |IIII ] 1 | ] ] ] _I'

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

Black : Z—uu, H—ZZ*—vvaqgqg
Red : Z—vv, H—=ZZ"—pnuqq

- To make each category exclusive,
in other words, no double counting
of events, “separation” has been
performed on the recoil mass
distribution. 9



Overview table |. Cut-based analysis

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

Pre-selections

N (l) = 2, where leptons(]) should pass the isolation criteria
N(ut)=1, N(u—) =1 with E(u®) > 3 GeV
N(jet) =2

Selection (Cut-based) ppHrvgq ppHgquy vvHupqq vvHqquu gqHvvup gqHppvv
I\'IZISS order A'!rnix-ss > AIJ'J‘ Alnxiss < AIJ‘J' Al““ > A]J'J' A‘!““ < AI_,’_,’ f"lmiss > A!u,_,, A]miss < A’I““
M, (GeV) 80, 100] 60, 100] (10, 60] (15, 55] 75, 100]
M,; (GeV) (15, 60] 60, 105] [10, 55] 60, 100] [75, 105]

Mpiss (GeV) [75, 105] (10, 55] (75, 110] (70, 110] (10, 50]
Mrecoil (GeV) [110, 140] < - [175, 215] (115, 155]
Myis (GeV) - (175, 215] 1110, 140] [115, 155] 185, 215]
M;seet (GeV) [185, 220] - - - (110, 140]

Newo 20, 90] 30, 100] 20, 60] 30, 100] (40, 95] (40, 95]
|cos 6,;.] < 0.95

Adzy (degree) 60, 170] 60, 170] <135 <135 1120, 170]

Region masking

not-vvHZZ & not-qqHZZ

not-upHZZ & not-qgHZZ

not-vvHZZ & not-uypuHZZ
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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(l) = 2, where leptons(l) should pass the isolation criteria
N(u*t)=1, N(p~) =1 with E(u*) > 3 GeV

N(jet) =2

Selection (MVA) wupHrrgg ppHgqur virHppqq v Hgqup qqHvv pp gqH pprv
Mass order J."(f[“ig,g > Jnif_]i_j J.,'n’fj"_igg'. < Ji'l'f_;_j .'F'u’”” > ﬂ-f_;‘j ;’l".l'“” < .:F'-.lr_jj Jnl’f";j,iﬁg > _."l”f”.u Ji‘r:f[“i_;.;,g'_ < Jnk]rn“
M., (GeV) 80,100] ] ] i )
M;; (GeV) - - - - [75, 105]

4"f-|r1ni:e':-: (GF“’#T} - - [75., l]f}] - -
Mrseet! (GeV) (110, 140] - - -
M.i: (GeV) - - [110, 140] - -
‘lhr-:_';::uil (GE"‘T} _ - - - [1]{], 1-‘-‘0]

Npro (20, 90] 30, 100] 120, 60] 30, 100] (40, 95] 40, 95]
oS 9,,-1,:.| < 0.95

Region masking not-vv HZZ & not-qqHZZ not-uuHZZ & not-gqgHZZ not-vv HZZ & not-upuHZZ
BDT score > 0.14 > 0.01 > —0.01 > —0.01 > —0.04 > —0.01
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Number of expected events & efficiency

Table 2 Summary of the selection efficiency € and the number of expected events N.,; for each category after the final event
selection in the cut-based analysis..

(Cut-based) pupHrrqq ppHgquy vvHupgq
Process e [%] Navit. e %] Neve. e (%] Neve.
Signal (“dominant”) 38 53 36 50 54 76
Signal (“sub”) 6 8 10 14 6 9
Higgs decays Bg. 2.2.10—2 25 | 7.0-.10—2 704 | 5.3.10—4 6
SM four-fermion Bg. | 3.7-10~° 4 | 4.9-10—4 520 | 5.6-10—° 6
SM two-fermion Bg. 0 0 0 0 0 0

vvHqqup qqHvvpp qqHppvv
Process e [%] News. e (%] Neoi. e [%] Nevt.
Signal (“dominant”) 36 51 26 37 23 32
Signal (“sub”) 8 11 T 10 4 6

1.0-10—2 114 | 2.4-10—2 275 | 1.4-10—2 160
SM four-fermion Bg. | 4.3-10° 46 | 1.5-10—14 157 | 1.8-10—4 190
SM two-fermion Bg. 0 0 0 0 0 0

Higgs decays Bg.

+ Signal efficiency : 27 - 60 %
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Vanables used in the BJT

BD T analysis -

all visible Eeading.jet Cos(6)
|:)-tall visible Eaub—leading—jet ( Recnilmdimunn )
+ BDT training and cuts are applied Miaijet N(pfo) (M visivre )
after several simple cuts : M,,, Mrecoil | Maimuor ANEIE gijet dimuon)
N 70 COSO, etc.
L . ijz_ I I I I _;ﬂwm“rw” E I I ™ ] _::m““wm
- BDT cut position is Al e a— 2 5 senenvon
E B 2H baukgeounid E B 2 bsckgeaund

optimized based on the e Z—wv, H—=ZZ*—puag

measure, S/v (S+B), 3 3
which to be maximized. : ﬁﬂ !!h‘ 1

T {11tk 1 W—

Pl 1 = Il H |
Wnhs _na -03 a2 -01 0o 01 02 03 Was _04 03 02 a1 0 01 02 03
BOT score BOT scome
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Obtained precision

Obtained uncertainty from each

category. both of cut-based and

BDT-based results are shown

together.
A{a-BR) oz
Category (o-BR) [%]
cut-based BDT
““HE_I.E_I.I?EII.-::LIL.."1||1.":a 15 14
““[_II?I,_.I”_I.H-::I.:L.."1||1.":a 48 49
E-"i-"Hﬁ-ll.!.-l?Elr'::"”"':mv“ 12 12
E_,-E_,.I_[I,_-Irq“‘u-::ul.."1||1."::| 29 20
qui-"i-"ﬂHf:"”":"w“ 45 7
I?l._-erIIH“J.E_I.t:uL.."1||1."i:| 53 44
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Figs. Recoil mass distribution from two best categories
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Submission

Uploaded on the arXiv
-- https://arxiv.org/abs/2103.09633

-+ Submitted to EPJC (last month)

-- have received reply when we are
traveling to Yangzhou ...

- Start to consider necessary steps
and action items.
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Abstract The precision of the yield messurement of
the Higrs boson decaying into a pair of 2 bosons pro-
cess at the Circular Electron Positron Collider (CEPC)
is evalusted. Including the recoil & boson sssocisted
with the Higes production {Higesstrahlung) total three
Z bosons are involved for this channel, from which fi-
nal states characterized by the prescnce of a peir of
leptons, quarks, and neutrinos are chosen for the sig-
nal. Two analysis approgches are compared and the
finel precision of opy-BR(H — ZZ*) iz estimated to
be T.9% wsing & multivariate anslysis technigue, based
on boosted decision trees. The relative precision of the
Hipps boson width, using this H — Z2° decay topaol-
opy, is estimated by combining the obtained result with
the precision of the inclusive ZH cross section measune
menk.

Keywords CEPC - Higrs boson - Hipps wo 22

China
195-1560, USA

10¥ Higps bosons. Henee it is expected to achiove an
order of magnitude Improvement on messurements of
Higps boson properties ss compeared to the final LHC
precision.

The Higgs production mechanisms in ete— collision
at & = 240 GeV will be the Higgsstrahlung process
ate + & = EH (heroaf denoted as ZH pro-
ceer] and the vector boson fusion processos, @+e H
W W el — Hrelfe and ete + T E%eTe #
Hete™ . Among these processes, the SN process is pre-
dieted to heve the largest cross section, dominating
over all of the others [5|. Therefore, the ZH production
mode is poing to provide series of the Higgs measure-
ments, such as the inclusive ZH process cross section
Tzpy, USing the recoil mass method against the £ boson.
That # boson also sorves a8 & tag of the SN procoss
through recor pction of objects decaying from the &
boson. Utilizing this tag information, the Hipgs boson
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Signal yield and remaining background

- Related with the difference of the signal yield in the white paper and
current analysis, would need explanation as well as the other information
such as background reduction rate and component.

Ji]

L—pn, H—=Z27*—vvqq W e e Lol TN
© M, : 80-100 GeV | Aﬁ,
+ Mreeoil 2 120-160 GeV | ‘E
© M, : 10-38 GeV A
' A
. P.:>10 GeV .

A T T—— —— —ie s | B B [ i
25 13 s : 00 10 20 1
ME== (GeV) (Ge
L—vv, H=/Z7* =t qq e 0¥

* 1V{|S| b|e Energy L= 180 Gev / Table 8. Expected relative precision for the o(ZH) xBR(H — ZZ%) \

measurement with an integrated luminosity 5.6 ab™ !
© Mgt 59-138 GeV

ZH final state precision
- Mass & pt cuts on lepton/jet pairs Z— 'y H - ZZ" - vigi
Z—w H—=ZZ*— € g4 7.9%

ombination 4.0%

\ C —

from the white paper .



Some action items

- B-tagging

Current analysis does not utilize the vertex tagging information.
This is asked specifically how much improvement could be
achieved if it is utilized.

- Investigate background components whether further effective
reduction can be achieved or not.

( -+ Systematics associated with
-- signal cross-talk

-- BDT cut position )



Beyond current analysis

- Current analysis only looking at the HZZ final states having
di-muon, di-jets, and di-neutrino (missing) , which is less than
3% of total HZZ decay

- Final states having “4q”, such as Z(—qq)H(Z—Il, Z*—qq),
Z(—I)H(Z—qq, Z*—qq) ... which has larger statistics.

- What about “6q9” status 7



Summary

- We have analyzed 3 combinations of Z boson decays for HZZ

measurement. ( uuHvvaga/qqvv, vwHuuga/qapp, agHppvv/vvup )
The obtained combined final precision is ~7.9%.

- |t is submitted to EPJC. We will perform actions triggered
by the inquiry.

- Any recommendations are highly appreciated !

[hank you very much !
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Ref: From a past discussion on introducing b-tagging

H->bb background, namely “e2e2h_bb” ( Z(—pu)H(—bb) ), is a
dominant background in following channels

-- Z(—qq)H(Z—=vv, Z*—pp)
-- Z(—=uwH(Z—vv, Z*—qq)

-+ A rough estimation about how much improvement could be achieved

Assuming following scenario for a comparison

-~ Z(—=ppu)H(—bb) event is completely cut by using the b-tagging information

-- Since, the signal and the dominant channels in remaining four-fermion bg. ( “zz_slOmu_up/down)
include a decay of Z->bb, itis assumed that their yield becomes 80% by b-tagging.



Ref: From a past discussion on introducing b-tagging

- Comparison of the numbers between the original & w. b-tagging

Newn@F) |/ (5+B)/S

Case for the channel Original 206 305 0.667
Z(—qq)H(Z—vv, Z*—pp)  w B-tagging 28 86 245 0.677
mﬂ- Nooe4F) |4 (S+B)/S
Case for the channel Original 174 659 0.802
Z(owH(EZ=w, Z=0da) ) Bliagging 38 355 530 0.799

-- From this “coarse” comparison, the improvement might not be so huge.

-- But of course, estimation is very rough. ( not consider b-tagging eff. , as well as the
reduction on HWW bg. events)
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