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A quick look on ZZ study cerll

* Using old ntuples and cuts Yuqgian gave me last year;

* Contain:
e Z > uu,H - ZZ* - vvjj
e Z->Vv,H > ZZ" - eejj
*Z->v,H > Z7Z" - uyjj
* and
e/ —>eeH—-ZZ" - ll(ee, un)jj

MmissingMass

min_al inter angle of lepton-jet pair 1
min_al inter angle of lepton-jet pair 2
an_lj inter angle of I-pair and j-pair.
nPFOs Number of Particle Flow Object
P_total Total Momentum
cos 6 cos 6 of total momentum
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Z > uu,H - ZZ* - vvjj CEPE

Mmissing > Mjet
15 <nPFOs < 50

Asimov_Z->vv, H->ZZ Z->uu,Z->qq

120 < E,;s < 155 = 100 Mean = 126.66 +0.19
8 Entries = 224

T —— Signal

10 < M, < 38 S o
@ ® Signal_hist
. 60— Ldt=5ab"’
min_al>0.22 : Ly

—08 < COoS 9 < 093 40— Z->vv, H->ZZ2,2->pp,Z->
20—

Final: | signal _|ZHbkg | sMbke [N
211 24 5
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Z > vv,H > 727" - eejj CEFE,

Mee > Mjet: Mee > 50
80 < M, + Mj,; < 140

Asimov_Z->ee, H->ZZ,7->vv,Z->Qq

28 Mnissng <138 o
min_a1>0.2 E 202— — Signal
0.66<min_a2<2.26 e LA,
—0.81 < cos 0 < 0.81 e LT
an_lj<2.3 10

178 < Recojj <227
114 < Pppq < 135

Final: | Signal _|ZHbkg | SMbkg _
67 5 668
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Z > vv,H—> ZZ" - mmjj C2PC

58 < Mpnissing < 128

min_al>0.24

M,, > 15
Asimov_Z->up, H->ZZ,Z->vv,Z->qq
. ) Mean = 124.65 + 0.48
Mﬂﬂ > M]et Mﬂﬂ < M]et E 30— Entries = 248
- - = oignal
13 < M, < 49 53 < Mj,, <107 & il s
. . @ F # Signal_hist
an_|J<2.3 an_|J<1.75 20:_ CEPC
C Ldt=5ab '
Recojj > 116 o /S-250GeV
C Z->pp, H->Z2Z 4->vv,Z-
112 < Pyyrqy < 140 s St e

min_al>min_a2-1.7

Final: | Signal | ZHbkg _|SMbkg _
180 18 71
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Z —ee H—- 77" - eejj

Before cuts

Asimov_zzeeeegjj

Mean = 131.85 £0.10

ano_— Entries = 5206
>k — Signal
P S A\
4o

200—

150(—

100{—

50—

o 130" 1 145 150
MRec [GeV]
Cut tried(preliminarily)
15<nPFOs<70
m_missing<m_1l<100
2017/10/2 Reco_jj<220

Events / 1 GeV

Asimov_zzeeeejj

Mean = 128.89 +0.20

30

25

20

£

]|IIII|IIII|IIII|IIII|IIII|II

IT @ I

il

Entries = 537
— Signal

® Signal_hist
CEPC
Ldt=5 ab™’
{s=250GeV
zzeeeejj

1. . |
24 126 128

130

133 134 136 13 140

MREC [GeV]

Initial 91
Final 65
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Z —ee,H—ZZ" = uujj CEPE,

All this give ZZ{1293%
Before cuts g s 09%

Asimov_zzeemmijj Asimov_zzeemmijj
- Mean = 131.32 £ 0.14 . Mean = 128.90 + 0.24
840l Entries = 2392 8§ 22 Entries = 376
> = Signal T 0 — Signal
‘5 120—_ ..... SM bkg ‘5 - E— ....... SM bkg
- Signal_hist Y eE *  Signal_hist
100{— CEPC = CEPC
- Ldt=5 ab” - . Ldt=5 ab”
o N "2E 13 3 {5=250GeV
60 - 105_ ? "\ zzeemmijj
B 8— L] N
C - LK)
40— oE
- 4k -
9‘ 1 ,,...ml illmm..
nan T i TaE 0 12 132 134 136 138 140
’ 1o MRac [Ge\‘ll?o MRsc [GeV]
Cut tried(preliminarily)
m_missing<m_11<100 Initial 120 2716
2017/10/2 Reco_jj<220 Final 102 372



Channels Table

Inclusive

164170

My

Inclusive

29552

Inclusive

22200

Libo

2017.8

Weimin

Libo

Yugian

| w | bb | 1025 2017.9

2017.4

2016.9

evev 36
bb 7655 U evuv 105
ee cc 351 2017.7 evqq 663
g8 1058 Kvqq 717
bb 11108 UVY 44
MU cc 567 2017.9 evev 22
g8 1762 . ee evuv 81
Baiyu
bb 176542 evqq 612
qaq cc 8272 Kvaq 684
gg 25293 2017.7 A% qaqq 9022
bb 70608 - wem ]
W cc 3061 WV ML) 179
gg 9633 vV eejj 64
T e e T w wij 200
Il 93 Feng 2015 ee eejj 55
Y Yy 309
qq 822 Yitian 2017.4

T 36023 Dan 2017.9
aq 202 w 12456
ee VVWV 8 MoXin 2017.7 qq 71
18 1
R ce M 2 Zhenwei 2017.8
Observed=tagged signal after cutflow and in fit range. M "
Vv

All events are weighted and normalized to 5ab™.
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Asimov & Observed data comparison

Jianming Commented,

since we use unbinned fit and use function to describe shape,
we must guarantee the shape is correct.

Most channels fit well.

Z->pp, H->tt, Signal Events

| Z->pp, H->tt, SM bkg Events

Entries = 2067 Entries = 210
% = i > 12— i
& oo ] EPC 8 C EPC
= ) L
A = Ldi=5 ab’, ¥s-250GeY ~ ol ILdt=5 ab”, §5-=250GeY
o = ->pp, Histt ; - ->up, Histt
S 60— Signal Events T SM bkg Events
AT = : .
500 — il [ ] p
= 6 [ ] [ ]
w0 1 e ol 4t
= N L]
300 — 4 L
mog— Z E
- 2—
100 — C
v  gEesss .J , = -k A B
8 - 1PN 8- 2=
8 ol o L oolo o TN % S—_
3 o KD : : 0 o © v e
‘_. H H : - i i i H v
120 %5 0 35 740 T4 50 120 125 130 135 140 14 50
RIlFtec [Ge\}]) R/IRec [Ge\}J
signal & ZH: Cystal Ball+Gaussian
bkg: 2" Exponential.
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Asimov & Observed data comparison

.

(.

i
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For some pdfs, we use RooKeysPdf (Multiple
Gaussians) with scale factor 2 to fit the shape.

180 200 220 80 100 120 140 160 180 200 ﬁ

Asimov_Z->vv, H->11 Z->vv, H->11, SM bkg Events
- Mean = 126.68 + 0.18 > Entries = 38134
B R @© 1800 :
@500— Entries = 53900 o $ EPC |
T L — Signal — 1600 Ldt=5 ab’, ¥s=250GeY
2 Y 2 Y PP LY SM bk € 1400 ->vv, H->tt
9] = g u=> SM bkg Events
(£2000— e Signal_hist 31
- CEPC 1000
1500— Ldt=5ab" 00
= Vs=250GeV 600
= Z->vv, H->tt 400
1000(—
- 200
B 5 SP
500 e E
8 of
[ = [ H : : L i
L] H : : i
° o : : :
0 1 1 1 1 | 11 1 | 1 1 1 I 1 1 1 I 1 11 I 1 1 I 60 4'0
60 80 100 120 140 160 - [éeV]

0
Mg [GeV]

And, as the number of events are fixed, the difference
of pdf shape seems
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Asimov plots el

Asimov_Z->up, H->tt Asimov_Z->vv, H->WW->gqqq
LKL 1999
o Mean = 128.47 +0.10 - Mean = 127.358 + 0.039
& [ Entries = 3281 & L Entries = 53367
:—71200 — —— Signal S0l —— Signal
‘S‘ : ....... SM bkg ‘S‘ : ....... SM bkg
> (
1000 — e Signal_hist . e Signal_hist
2000(—
C CEPC C CEPC
800~ Ldt=5 ab”" N Ldt=5 ab"
- ¥s=250GeV 1500~ ¥s=250GeV
600 — -
- Z->pp, H->tt C Z->vv, H->WWt>qqqq
B 1000{—
400(— C
200— 500
s (AR, P b
f2 125 130 135 140 145 150 fo 115 120 125 14 150
Mge: [GeV] Mge. [GeV]
Asimov_Z->uu, H->Z27Z,Z->vv,Z->qq Asimov_Z->vv, H->Zy,Z->qq
Mean = 124.42 + (.32 S Mean = 41.26 + 0.21
> F =
8 b Entries = 438 R Entries = 2904
il — Signal hy - —— Signal
%) - §2l -
§ 35 :_ _______ SM bkg § 180E emel SM bkg
m 30:_ ® Signal_hist w160 it I : ® Signal_hist
- CEPC 140 ' CEPC
251 Ldt=5 ab”’ 120 Ldt=5ab '
20— Vs=250GeV 100F- s=250GeV
C Z->pp, H->ZZ 4->vv,Z-> = Z->vv, H->Zv,Z>qq
150 80—
- 60—
10— C
- 40—
SE 20—
- O‘j
fo

14 150
Maec [GeV] Maec [GeV]

2017/10/23 | All these plots are uploaded to the git server in Combination/plots folder. 11




] Jo = A
f G 7
PreCDR Current
0, 0,
ge 0.51% 0.50% 7k Scan Result Pre_CDR
o(ZH) * Br(H - bb) 0.28% WA
+1.24% 0
. Kp ~1.24% 1.2%
o(ZH) * Br(H - cc) 2.2% L
+2.19% 0
o(ZH) = Br(H - gg) 1.6% Ry Ke —2.18% 1.6%
1.21% +1.50%
o(ZH) = Br(H > WW) 1.5% U Kg C128% 1.5%
o(ZH) * Br(H - ZZ) 4.3% T ” +4.29% 4.7%
' 14 —-4.38% 470
0 +0.68%
o(ZH) = Br(H - 1) 1.2% L 0.68% S P 5
6 250 ="t ~-1.30% 270
o(ZH) * Br(H - yy) 9.0% e
+0.135%
K M 0.16%
o(ZH) * Br(H - uu) 17% t}ﬁ;ggjg Z 0.135%
. +1.25%
o(vwwH) * Br(H - bb) 2.8% (312 Kw ~1.26% 1.2%
2017/10/23 In general, fit result is consistent with results of Pre_CDR and Individual studies. 5




Correlations in o * Br

OZH_uu

GZH_‘L’T
cYZH_}/;/
(SZH_WW
CSZ%Lzz
GZ'H__gg

(SZ%LCC

S 21 bb

2017/10/23

CEPC

-2.5% 1
L [Ldt=5 ab”, Ys=250GeV _|
0.3%  -2.2%

05% -7.2%

0.8% -4.4% -14.0%

02% 12% 02% -146% -1.9%

05% 00% -03% -38% -16% -20.4%

00% -04% -0.0% 19% -1.0% -105% -11.3%

| | |
- -
T S T < T T T
N N N N N
o o b o o o b

0.8 X
Q.

0.6
0.4
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Combination with HL-LHC el

From ATL-PHYS-PUB-2014-016

CEPC CEPC+HL-LHC
Luminosity (ab=!) | 0.5 2 5 10 0.5 2 5 10
7K CEPC HL-LHC Th
Kb 34 17 11 076 | 31 16 1.0 0.70
e 67 33 21 15 | 62 31 20 14
Kp 1.2% 10% Kq 43 21 14 096 | 39 19 12 086
Kw 37 18 12 082 | 34 17 11 077
0 0 For 36 18 1.1 080 | 33 1.7 10 074
Ke 2.2% 7.6% Kz 050 0.25 0.16 011 | 048 024 0.15 0.10
oy 14 67 43 30 | 42 21 13 094
Kg 1.5% 5.3% K 25 12 78 55 24 12 77 5.5
BRiny 0.18 0.18
Ky 4.3% 4.1%
CEPC CEPC+HL-LHC
Ky=Kg 1.3% 7.1% Luminosity (ab=1) | 05 2 5 10 | 05 2 5 10
Kb 39 19 12 087 | 36 18 11 081
Ky 0.14% 3.8% i 69 35 22 15 | 65 32 21 15
Kg 47 23 15 L1 | 42 21 13 0%
0 0 Kw 40 20 13 089 | 37 1.9 12 083
Kw 1.3% 4.2% K1 41 20 13 091 | 38 1.9 12 085
Kz 043 021 0.14 010 | 042 021 0.13 0.09
oy 14 68 43 30 | 42 21 13 094

Mainly improved in yy channel.
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Known Issues, besides H->Z7:

e 7->qq, H-> Tt

* SM bkg incomplete

e 7->wv, |l H->yy

* sample outdated

* H->bb/cc/gg

* ZH bkg not separated.

* Higgs width



