Analysis status of Z(->ee)H(Z->vv, Z*->qq)
(part-1. 2019-11-22 )



“Cone” around the lepton (electron)

# cone angle is cos® > 0.98
(~ 11 degree)
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Pattern Il. “non-lIsolated” Electron (red),
neutral particles (green)
are emitted close to the electron axis
but there are others ‘

Pattern |. “Isolated” Electron (red),
neutral particles (green)
are emitted close to the electron axis
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Entries / GeV

Z(—vv)H(>WW—qqqq)

# E(cone)/E(track) < 0.7 is applied, therefore, somehow
“isolated-electron”-like events are already selected.
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/(->ee)H(Z->vv, Z*->qQq)

2019-12-27

Pre-selection

IsolatedleptonFinder

- “Use lepton PID” ON

- “Rectangle-lsolation”™ ON

- “Polynomial-Isolation” ON

- E(cone)/E(lepton) < 0.7

Higgs’?2zz

- N(e+)==1, N(e-)==1,
N(lepton) ==
N(jets)==2

- same as “muon”

-bash-4.1% ./submit.sh 1.4.2

run mumuHzz

plot pictures and save results

Plot information...

scale for signal is 0.010008768
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Event selection - |.

Same as before
(2019/12/19)
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- Distribution before cut, “Missing mass > Di-jet Mass” is applied

## Because of reduction of background events (from 12/16), the some structures can
be seen now.
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Same as before

Event selection - II. (2019/12/19)
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Event selection - Ill. (2019/12/19)

Same as before
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Same as before

Event selection - IV. | 5019/12/10)

### Signal & 4fermion bg has similar distribution

sig zh bg_2f bg_4f

200 L T T T T T ! T T T T I T T T T I T T T T T _I 200 L T T T T T ! T T T T I T T T T I T T T T T _I 200 [ T I T T T T ! T T T T | T T T T T T T T I T _I 200 L T T T T T ! T T T T I T T T T T I ]

150 ] 150 - 150( . 150[- .

z [ ] = T 1 = : 1 = r .

¥ U - E U - ' E [T} - .

A . [ 4 2 L : i I g

100~ . 2100 Ll : -+ oo —

2 r iy i i i : ] i ]
- _ ] o ' [}

R, ] E [....-&oeees 1 N O S ] I G . ]

7 50 = ‘Z 50 - 'z 50 : . 'z S0 ]

U_— ] 0__ _ 0__ ] 0__ ]

[ S T R T T T T _' i I i RIS A KT NN R AT ST N _| i I B i [ ST N N NN TN N T A N M A I A _| i I i RIS M N N T N AN N A A _|

150 200 0 50 100 150 200 0 50 100 150 200 0 50 100 150 200
Di-jet mass [GeV] Di-jet mass [GeV] Di-jet mass [GeV] Di-jet mass [GeV)

Missing Mass > 70 GeV & M(dijet) < 50 GeV

### Original one (muon channel) is Missing Mass > 80 & M(dijet) < 35, but can reduce signal much1:



Event selection - V.

### Newly added two cuts
probably, 2D plot, such as, N(pfo) e+ vs N(pfo) e-
would be easier to see the discrimination. (shown in part Il.)
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From the result at this stage,
E(cone)/E(lepton) < 0.5
is also acceptable. 12



Final distributions

Entries [/GeV]

Recoil mass distribution

@ 2019-12-19

- "1 T [Esignal

| s
20_— lﬁlu —
10__ VM

o 120 130 140 150
Ml [GeV]

Entries [/GeV]

—
o
T | T T T

Recoil mass distribution

with additional two cuts
@ 2019-12-22(27)

Mo
o
T | T T T T

B signal
Ezh

Wby 2f
Ebg_4f

Po

120 130 140 150
Ml [GeV]

13



Analysis status of Z(->ee)H(Z->vv, Z*->qq)
(part-1l. 2019-11-27~30 )



Trial : protection around isolated lepton

# One question from the beginning. Why, at the distribution of minimum angle between

lepton<->jet, thereis a peak around zero degree (for signal) ?

# the next consideration is that, is there any way to recover that ? since we loose the signal

with this angle cut (than muon channel)

peak ?
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Trial : protection around isolated lepton

the same histogram as shown

-- My consideration is that associated particles in page 3

around the selected electron, is forming a jet by jet-
clustering.
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As a trial, neutral particles around the electron within cosf = 0.998 ( = ~3.6 degree)
are not sent to the collection which will be clustered into two jets by the Fastjet.

The value, 0.998, is the one | found in a reference from the ILC, at there, photons within 0.998 is kept away from Clustermg
Also, | have compared the histogram above, though it is the distribution from averaged angle.



Comparison of dijet invariant mass
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- After this procedure, the dijet mass distribution (for the signal) : i I
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Repeat the cut procedure
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Repeat the cut procedure

" [Esignal g " |Esignal 10 ' B signal
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this value is changed from 15 to 20, /

since it was bit loose, and also has effects to cut tau-related background, with this trial 19



Repeat the cut procedure

—
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now the peak is disappeared. The

cut value is change from 17.2 to 20 v



Repeat the cut procedure
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Repeat the cut procedure
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Final distributions
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Recoil mass distribution

Recoil mass distribution
with additional two cuts

Recoil mass distribution
with the protection
around the electron
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Almost the same level, with a

little higher signal yield
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Final statistics

VS+B _ V36 +40 + 6 + 83

X 100 = 35.7%

S 36 -
-bash-4.15 ./submit.sh 1.4.2
run mumuHzz
plot pictures and save results
rT r roT [ T [Esignal Plot information...
- Ezh scale for signal is 0.010407936
L W bg_2f name scale
Ebg_4af nnh zz 0.06832
- ww slOtauq 1.10899434445
10 sze lOtau 1.10888554561
sw slOqq 1.16891173157
—_
Sl
5
% i cut 1lhzz zh 2f af
W - Raw events 1040 1146511 801811977 107203890
.E i Pre-selection 516 21926 4281022 2122134
= Signal or not 173 21753 4281022 2122134
= 5 missingM > M(dijet) 83 682 1404074 291557
M(dimuon) 78 569 130834 49100
i RecM(dimuon) 75 519 59658 25578
= N(pfo) 73 204 11169 14977
Pt(total visible) 70 193 7246 13365
i Min angle 63 174 835 2608
- Missing Mass & M(dijets) 49 60 171 428
L single jet 44 51 13 323
P‘IO 120 130 140 150 RecM(dijet) not qghzz 43 51 6 236
i VisM not vvhzz 36 40 6 83
Ml [GeV] -bash-4.15 [I

# Replacement of the cross section (upH->eeH ) is also incorporated. (but it is a small change )
http://cepcsoft.ihep.ac.cn/guides/Generation/docs/ExistingSamples/#240-gev
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Short summary

- Regarding the analysis status of Z(->ee)H(Z->vv, Z*->qq)

-- Using, the number of pfo in the cone (cosd > 0.98 ) and the energy weight
averaged angle, 4-fermion background, is reduced .

-- As a further trial, to prevent associate particles with the electron from
forming a jet, neutral particles around the electron (cos6 > 0.998 ) is kept
away from jet clustering.

-- dijet invariant mass looks natural

-- Estimating the very rough precision from the stat,
itis ~35.7 % ( then, probably,,, it would be ~34(?)% with fitting . )

-- Can we do further optimization and/or reduction of backgrounds ?

-- Take a look of vwHZZ*(Z->ee, Z*->qq) would be worth to do.



