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LHC Higgs Cross Section Working Group
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Higgs to pu

* The Higgs cross section at 13 TeV is about 55 pb. With 140 fb-1 data, ~8 million
Higgs boson have been produced. 1540 of them decay to pu

arXiv:2007.07830
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ATLAS Muon

Combined muon

agged muon

Calorimeter tagged muon
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ATLAS Muon

Combined muon:
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« Within the ID acceptance |n| < 2.5, the Medium working point accepts only CB muons.

 The Loose selection working point accepts all the muons passing the Medium WP. In addition, it

includes CT and ST muons in the range |n| < 0.1
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Analysis Strategy

arXiv:2007.07830
° I I w AL L B B B ISR R IR
Signal has good My resolution. - ATLAS | S =
Background m,, is smooth m 107 Vs=13TeV, 139.0 fbr Ziy" E
- Use analytic functions to model 10°F w2
signal and background. 107 o — Hoppx100
. = K A Syst. uncert. =
* Fully data-driven method b —_—
10°
. 4
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8 09
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Muon QED Final State Radiation

* Add FSR photon to m,, calculation to improve the m, resolution

arXiv:2007.07830
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3% improvement in signal width
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Categorization
@ [~ [E) Bproduction modei& it A EIRYH % 514

______ ) 3/4 leptons, at
least one bjet
>_K 3/4 leptons, no bjet

w.z

:Z 2 leptons, no bjet
j:j> ------ + 2 leptons, no bjet
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ttH Category

« Use BDT (implemented in XGBoost e L o Romane T i
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 Two BDTs: one BDT for 3 lepton (8 variables) and another BDT for 4 lepton (7

variables)

Main background:

diboson
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« WH/ZH, (H—puu). Expected signal: 4.7 events
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VBF/ggF Categories

Haifeng Li (Shandong University)
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VBF/ggF Categories
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Signhal Modeling

* Double-sided Crystal-Ball function
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Background Modeling

Proposed model with two components: [ fix ] x [ floating ]

* Fixed part (physics motivated): LO 2—2 Drell-Yan analytic simultaneous fit with
lineshape 20 categories to
 m(up) resolution effect included by smearing with extract signal

G strength
> Fr T ATLAls S T II‘ LI I LRI I I 9
. ] ) imulation -+ Template -
° Floatlng part o 145 Vs = 13 TeV, 139 fo —Bkg.pdf ]
= 12 \ *  H-— up, VBF High ---- Gore function J
i i i) c S x2ndf. =097 (p=51%) — Signalpdf 3
Category Empirical Function Chosen Wlth h Ig h-Stat DY E} 10:_ =
- : i - .
VBF Very High  Epolyl fast simulated samples 8¢ -
VBF High Power0 6 =
VBF Medium Power0 C ]
VBF Low Power( 4= —
2-jet Very High  Powerl C =
2-jet High Epoly2 2E
2-jet Medium Powerl .
2-jet Low Epoly3 : . o L
et Vory High  Epoly2 Function Expression L\O) sl
1-jet High Epoly2 agtaym,, +asm> 4. taym, o L
1-jet Medium Powerl PowerN mEL /i) P T2 e N) GEJ
1-jet Low Powerl EpolvN e ( + 2 + + N ) = =
O-jet Very High Powerl oty XD\ T ANy T oo T ANy, _
0-jet High Powerl 2
0-jet Medium ~ Powerl Q
0-jet Low Epoly3 g—
VHA4L Powerl Iq_) i ]
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ATLAS

EXPERIMENT

Run: 281411
Event: 312608026
2015-10-11 18:40:58 CEST
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Events within m,, = 120-130 GeV

8/13/20

Event Yields

Category Data Sem S B S/NB S/B %]
VBF Very High 15 2814027 33417 145 + 2.1 (.86 226
VBF High 30 3.46 £ 0.36 4.0 + 2.1 32.5 £ 2.9 0.71 124
VBF Medium 112 48+ 05 5.6+ 2.8 85 + 4 0.61 6.6
VBF Low 284 7.5+ 0.9 0+4 273 + 8 0.53 3.2
2-jet Very High 1030 17.6 +3.3 21 + 10 1024 + 22 0.63 2.0
2-jet High 5433 50 £ 8 58 =+ 30 5440 + 50 0.77 1.0
2-jet Medium 18311 79 £ 15 90 £ 50 18320 + 90 0.66 0.5
2-jet Low 36409 63 + 17 70 £40 36340 + 140 0.37 0.2
1-jet Very High 1097 165 +24 19 + 10 1071 + 22 0.59 1.8
1-jet High 6413 46 £ 7 54 + 28 6320 + 50 0.69 0.9
1-jet Medium 24576 90 £ 11 100 £50 24290 =+ 100 0.67 0.4
1-jet Low 73459 1254+ 17 150 £70 73480 + 190 0.53 0.2
O-jet Very High 15986 59 & 11 70 £40 16090 + 90 0.55 0.4
O-jet High 46523 99 +£ 13 120 £60 46190 £ 150 0.54 0.3
0-jet Medium 01392 119414 140 £70 91310 =+ 210 0.46 0.2
O-jet Low 121354 79 £ 10 00 =50 121310 + 280 0.26 0.1
VHAL 34 053 +0.05 0.6+0.3 24 + 4 0.13 2.6
VH3LH 41 145 +0.14 1.7+09 41 £5 0.27 4.2
VH3LM 358 2.76 £0.24 3.2+16 347 + 15 0.17 0.9
ttH 17 1194013 14407 15.1 & 2.2 0.36 9.2
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A/l

—0.1 -0.05 0 0.05

ggF parton shower

ggF QCD scale

Spurious signal, VBF Very High cate.

ggF QCD scale 1« 2-jet

Spurious signal, 2-jet High cate.

ggF QCD resummation

Spurious signal, 1-jet Very High cate.

H— pup BR

Spurious signal, 2-jet Medium cate.

Muon momentum resolution ID

8/13/20

0.1

ATLAS

Pull
1 standard deviation
_ -1
Lg =13 'I;eV, 11:9 fo [___] PrefitImpacton {i
— up lop

I Postfit Impact on [

-15 -1 -05 0 05 1 1.5

(® - 6,)/A8

Main systematic uncertainties

* Theory uncertainties on the signal
« Spurious signal systematic per category

Experimental uncertainties on muon

4 === frye bkg

discriminant

Haifeng Li (Shandong University)
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s 70 amas T Ypam -
o B00E" Vs=13TeV, 139" Taepe% 2 Significance: 2.00 (1.70 expected)
2 500 H — up, In(1 + S/B) weighted Skg ' Idpfdf = o B
$ ok J-P E Best fit: y = 1.2 =0.6
§ 200 =
100~ —
- - s Data statistics: £0.58
a Signal theory syst.: +0.13 -0.08
§ 2 Signal experiment syst.: +0.07-0.03

110 115120 125 130 135 140 145 150 155 160  opurious signal syst.: £0.10
m,, [GeV]
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Signal Strength in Different Categories

I | | | | | | 1 | | | | | | | | | I | I | | ! | | | | | |

ATLAS Vs=13TeV, 139 fb’ H — up

e Total Stat. MMSyst. | SM Total Stat. Syst.
VH and ttH categories f —eo—1 | 50 £35 ( £33, £1.1)
ggF 0-jet categories —@+— -04 £16 ( £1.5, £0.3)
ggF 1-jet categories —e+ 24 £12 ( £1.2, £0.3)
ggF 2-jet categories o -06 £12 ( £1.2, £0.3)
VBF categories - 1.8 +1.0 ( £1.0, £0.2)

. +0.2
Combined I-IE-I 1.2 £06 ( £06, _gq )
| ] | | | | | | ] | | | | | ] | | | | | | ] | | | | | | | | I
-10 -5 0 3 10 15 20

Signal strength
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Updated with
139 fb-"
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Higgs Couplings

F V
KFT or KVT

Kg O |y

107"

1072

107
1.4

1.2

0.8

ATLAS-CONF-2020-027

. ATLAS Preliminary

T IIIIIII| T IIIIIII|
A}
| IIIIIII|

IIIII|
[ |
ShL
[ IIIIII|

P IIIIII|

{s=13TeV, 24.5- 139 fb™" z .
my;=125.09 GeV, ly, | <2.5, p_ =84% W..
---------- SM Higgs boson -

-
t

| 1 IIIIII}‘

m,(my) used for quarks

10 1 10 10°
Particle mass [GeV]

Haifeng Li (Shandong University)
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4k

10N —

 H->mumu is used to probe the Higgs coupling to second generation
fermions

* H->mumu search with full run2 data. Observed significance: 20 (1.70
expected)

- Best-fit combined signal strength: y = 1.2 =0.6

Outlook:
* Need more data to understand the coupling between Higgs boson and muons
 LHC Run 3 will start Feb 2022

8/13/20 Haifeng Li (Shandong University)
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Backup

Haifeng Li (Shandong University)
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R .
-
|
|
; g_\lll | \IHHI‘ | \I\I\H|
10 102 103
P, (GeV)
@ Most H — uu signal have muon pT between 50 GeV and
100 GeV.
@ Sensitivity to signal is proportional to the 1/+/c
S 1
VB Vo

Improving the dimuon mass resolution is the key to find
H — up signal at LHC
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2] E 3
€ 0.22 =
& 0.2 ATLAS —— ttH H—py simulation E
Lﬁ “CE (5=13TeV, 139107 Byg simulation E
‘S 0.18F fiH —— Data =
s 0.16— -
5 0.14— 3
S 012 =
w J
0 E!
0.0 -
0.06 3
0.04 =
0.02( E
P N BN B =

0 50 100 150 200 250 300
pk* [GeV]
2 0517\ LA L LA L B L B IR | \At
& r ATLAS —— ttH Hpp simulation ]
Lﬁ [ 5=13Tev, 139" Bkg simulation B
5 04 tH 7
o r —— Data B
c L ]
K] B
o 03— —
® r ]
I [ ]
0.2~ B
0.1 -
N S EPAAVATEN IRV Aarare L

6 7 8 9

Central Jet Multiplicity
@ R L B o e B
S e ATLAS —— ffH Hopy simulation
o (5=13TeV,13916"  __ Byg simulation E
‘s ttH —— Data 3
c E
S E
S E!
© 3
w E
T E N B S R B

80 100 120
Mgy [GEV]

8/13/20

Fraction of Events Fraction of Events

Fraction of Events

ttH training T=

A L B B I I L IR I
0‘09? ATLAS —— fiH Hopy simulation
0.08 s=13Tev, 139107 Bkg simulation -
0.07E tiH — Data 3
0.06E E
0.05E §
0.04F" s
0.03F E
0.02F E
0.01E E
Eovwluvn bt bt b i a1
1 -08-06-04-02 0 02 04 06 08 1
cos0”
N AR AR AR AR
L ATLAS —— tfH H—py simulation b
[ (s=13TeV, 139"  ___ kg simulation ]
1= tiH — Dam 7
0.8 T =
0.6 -
0.4F -
0.2 -
P I AR AR =
0.5 25 3 3.5
b-jet Multiplicity
035 T T T T
[ ATLAS —— ttH H—py simulation 7
0.3 {_5: 13TeV, 189/ ___ kg simulation -
FfiH — Data ]
0.25— B
02k E
0.15F =
0.1 E
0.05F =
:\ e b e b e e \:
100 120 140 160 180 200 220 240

Myiag 1op [GEV]

Fraction of Events Fraction of Events

Fraction of Events

ATLAS
{s=13TeV, 139 b

—— ttH H—uu simulation
—— Bkg simulation

ttH —— Data

20 30 40 50 60 70 86 920

100 110
ps [GeV]

ATLAS
Vs=13TeV, 139 b

0.22

0.2
0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

—— ttH Hopp simulation
—— Bkg simulation

tH —— Data

PR T

100 200 300

400 500 600 700

H; [GeV]

ATLAS
{s=13TeV, 139 b

0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

—— ttH H—pp simulation
'S —— Bkg simulation
ttH — Data

[N il |

f

40

Haifeng Li (Shandong University)

100 110

Subleadi
My o9 [GeV]

0.025

0.015

Fraction of Events
o
o
N

0.01

0.005

0.14

0.12

0.

0.08

Fraction of Events

0.06

0.04

0.02

o
o
=

LA L B B B B

0.008

Fraction of Events

0.006

0.004

—
ATLAS
{s=13TeV, 139 b
tiH

o A R B R B L A

—— ttH H—uy simulation
—— Bkg simulation
—— Data

Ll L L e
60 70 80
P’ [GeV]
T T T T T T T T T
C ATLAS —— ttH H—pp simulation ]
[ (s=13TeV, 139 fb" —— Bkg simulation 7
[ tH — Data ]

L
0 60 80 100 120

140 160 180 200 220 240

M ep-Top [GeV]

ATLAS
{s=13TeV, 139 fb”
tiH

—

0.002

40

—— ttH H—py simulation
—— Bkg simulation

—— Data

&

ol b b b 0

M A R I A I I
50 60 70 80 920

100 110
m,, [GeV]

35



VH 3-lepton training &£

2] T T 2] T T 2] F T T T T %] T T T
5 ATLAS —— Data 5 ATLAS —— Data s 0308 arias —— Data S ATLAS —— Data
& 0.18} s=13 TeV, 139 fo! —— H— ppsimulation 7 3 0.14F vs=13TeV,139fo" —— H— ppsimulation { 3 Vs=13TeV, 139 fb! —+— H-— pu simulation AT V/s=13TeV, 139 fo! —+— H-— up simulation
5 ggl%%tt?§nlnCIUSIve —— Bkg simulation 5 gg%%‘tci’(;‘n'ndus've —— Bkg simulation 5 0.25} ggl‘z%tt?gn'”dus"’e —— Bkg simulation -5 0407 ggg%tt?:n'”d”s“’e —— Bkg simulation ]
§015 5 0.12} S s
£ 012} £ 010} S o20p £ 030}
0.10F 0.08f 0.15}F
0.201
0.081 0.061
0.10¢
.05} 0.04
0.05 0.101
0.03 0.021 0.051
: . . 0.00 - : : 0.00 ; -
0-00, 1 ) 3 0 1 2 3 00T 3 24 5 6 0 50 100 150 200
Ad)uu,é A‘P(HH: E‘rll'-nss) Anuu./ p'il'1 [GeV]
2 " j " 2 ' ' ' 2 0.80F ' ' ' ' 2 J " j '
S 0.30f ATLAS —— Data ] S ATLAS —— Data S ATLAS —— Data $ 0161 ATLAS —— Data ]
u>J Vs=13 TeV, 139 fo!  —+— H— pp simulation u>J 0.25F s=13 TeV, 139 fo! =—+— H— pu simulation u>.| 070k Vs=13 TeV, 139 fo! == H— uu simulation ] L|>.| ’ Vs =13 TeV, 139 fo! === H— pu simulation
S | lenwan - agumin | 5| e - soimaen | 5 OT0f Smenieiee o g dmaion | 54 ST — oigsmaion
s S 4 onl S 0.60f £
§ g 0.20 E g 0.12}F
L 0.20 C C n i
0.50 : 0.10k
0.151 I
0.15} 0.40F ] 0.08
0.10} ] 0.30} : ] !
010k 0.06
0.20¢ b 0.04}
0.05f 0.05f - 1
0.10p 1 0.02}
. L L T ;
0.00 0.00 L . 5 0.00 L L ) L y 0.00 L L s L )\
50 100 150 200 50 100 150 200 0 1 2 3 4 5 0 25 50 75 100 125 150
Pt [GeV] Ef'® [GeV] Jet Multiplicity m (¢, ET™) [GeV]

8/13/20 Haifeng Li (Shandong University) 36



=

VH 4-lepton training T =

[7) T T T T T %) T T T [7) T T T %) T T T T
g ATLAS —— Data g ATLAS —— Data S 01gl ATLAS —— Data 15 ATLAS —— Data
T 0.35[ \/5=13TeV, 139 fb! —+— H— pu simulation ] & 0.35}F v/s=13TeV,139fb" —— H— ppsimulation { 7 /s =13TeV, 139 fo! =—— H— pp simulation o Vs =13TeV, 139 fo! =—+— H— pu simulation
“ 4-lepton inclusive —— Bkg simulation “ 4-lepton inclusive —— Bkg simulation “— 4-lepton inclusive —— Bkg simulation 5 0.40} 4-lepton inclusive —— Bkg simulation i
° [ selection ] ° selection © 0.15} selection ] oV selection
< 0.30 < 0.30F ] c VY c
Re] oY 9 ie]
© S k3] ©
o - o Y ©
T r 0.25 \C L 0.30+ ]
] 0.20
] 0.15 0201 ]
] 0.10
0.10 1
] 0.05
th
0.00 ‘ 0.00 : : : 0.00 =t ' : :
0 1 2 3 4 5 6 0 1 2 3 0 1 2 3 60 70 80 90 100 110
JAN, S Ay Ay, p, Z Candidate Mass [GeV]
£ 0.70F ' ' ' ] 2 ' ' ' 2 ' " " " " "
S ATLAS —— Data $ 1.00r ATLAS —+— Data 1 5 ATLAS —+— Data
o Vs=13TeV, 139 fo" —— H-— pp simulation o Vs =13TeV, 139 fo" —— H— pp simulation & y/5=13TeV, 139 fb" —— H— py simulation
5 0.60¢ ‘s‘;%%tt?gnmdus“’e —— Bkg simulation 5 g:le‘ze%tt?;nlnclu51ve —— Bkg simulation 5 080} géllee%ttci)gnmc'uswe —— Bkg simulation |
S S 0.80f 1 5
5 0.50 1 3 8
© Y ©
i uw L 0.60F 1
0.40( ] 0.60 1
0.30f 1
0.40} ] 0.40T ]
0.20f i I
0.20 1 0.201 1
0.10f ]
0.00 : 0.00 0.00— . L_
50 100 150 J_ 200 50 100 150 . 200 0 1 2 3 4 5
pt [GeV] pt [GeV] Jet Multiplicity

8/13/20 Haifeng Li (Shandong University) 37



-jet training LT £

‘20-3?,‘4-‘”‘_,;5‘”” HH“HD‘aiaHH‘HH{ % E‘A;-LAS‘HH \\\\‘\\\E;ala\\\\‘\\\\z % ;‘,‘q-‘n‘_/‘\s‘”” “H“H[;alauu‘uug ‘g03:7‘;7‘1‘;5‘“m“HH“m[‘)a‘\z‘aw‘”w””j
e r 5= i —— Hospy simulation ] 2 012 s = | —— Hopy simulation 2 04F _ .y —— Houp simulation a>') ~ _ 4 ——— Houy simulation B
o [ Vs=13TeV, 139 fb S 1 m [ {s=13TeV, 139 fb S ] o [ \s=13TeV, 139 b ! ] m F Vs=13TeV, 139 b  simdt ]
— C —— Bkg simulation ] — L —— Bkg simulation 4 — C —— Bkg simulation | — C —— Bkg simulation ]
5 0.25[ o.jet ] 5 [ 24et ] S 0.35 2-jet E S (.05[ 2det 1
c r ] c 0.1 — c £ ] c e 1
Ke} L 1 kel E 1 o B = o L il
S 0.2- 4 8 I 1 g 03f - ]
ol r 1 ® 0.08 i < E E © 0.2 3
- L ] w V-YoL L 0.25 = w 5 b
015 E 0.06F . 0.2- E 0.15F =
r ! L ] 1 = E [ ]
0.1 ] 0.04 ] 015 E 0.1 4
[ ] r b 0.1 = r ]
0.05 - 0.02~ B 0 05:* E 0.05 i
G:\HH\HH ] | N A VN N IR WA 0; E S E T B BT IS rue: 5

- -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3 G0 50 100 150 200 250 300 350 400
Aq)uuyj‘ Aq)uuyjz A¢uu,jj HT [GeV]
P [T T T T o T @ QA T T I T T T @ T g
< [ ATLAS —— Data ] S 0.14 ATLAS —— Data - S  ATLAS —— Data q S E ATLAS Data 1
Lﬁ 0.25[ (s =13 Tev, 139" —— H_’“‘f simu.laiion I Lﬁ F (s=13TeV, 139 fb" —— H_)Mf simu.\ation 1 Lﬁ [ [§=13Tev, 139" —— H—mH simulation ] Lﬁ 0.35; (s=13TeV, 139" —— H_Wf simu!ahon E
o— r . —— Bkg simulation ] w 0.12 .. —— Bkg simulation — w 0.1 —— Bkg simulation — — Fo —— Bkg simulation 9
o [ 2-jet ] o F 2-jet 1 [S] r 2-jet 1 [S] [ 2-jet i
c . 4 c C 71 C r 1 C 03’ |
S o02F 4 & o1t 1 & . r 1 s ]
g 0% 1 g °% 1 goosy 1 Zoast s
£ 1 Egpal 1 L 7 1] o g
0.15] . 0.08p ] 0.061 ] 0.2- e
F ] 0.06; i [ ] E E
[ ] L ] [ ] 0.15F ]
0.1 7] [ ] 0.04~ b £ ]
F ] 0.04F 5 [ ] 0.1= E
005 E 0.02- . 002 2 0.05F E
T . 0:H\mmm\mmm\mmm\mmmm: | P I TR TP T T T S B B E

OO 20 40 60 80 100 120 140 =5 -4 -3 -2 - 5 -4 -3 -2 1 0 1 2 3 4 00 200 400 600 800 1000
ErTniss [GeV] ﬂj‘ njz mji [GEV]
o L B A L B e a L L B B B BB a L L L @ 0ABF T T T T T T T T T T T
S | aras Data 1 T 04FATLAS Data 4§ . ATLAS —— Data 4 ETL amLas — Data ]
@ [ {s=13Tev, 139 fp" — 'musimuaion — 4~ F (s=13Tev, 139 fp" — 'wusimuaion 3~ 0. F {s=13Tev, 139 fp" — "wusimuaion 5 >0 445 (5-13Tev, 139" — Houwsimulaton 1
5 0-25, oot —— Bkg simulation , 5 0.35— —— Bkg simulation — 5 F ot —— Bkg simulation ] 5 I oot —— Bkg simulation ]
F 24je 1 ] [ 2jel ] F 2 B
S 0.2F 1 & o3 4§ 04r 1 8 0-12¢ ]
© Yt ] © £ ] © r ] © r 1
® F i ® E B © r 1 s 0.1 -
Iy L ] ¢0'25: 1 i 0.3~ ] e F ]
015 7 0.2 3 [ ] 0.08[- =
o1 1 ose . 02" 1 ooer E
F 1 o1 E r ] 0.04F E
0.05[ f F 1 0.1~ 7 r ]
: 1 oost E : | ooz ]
IR B WS B o - . L S PR R BRI WP .. . J W N B W 1] e b b b b T
0O 50 100 150 200 250 300 350 400 C'O 50 100 150 200 250 300 00 20 40 60 80 100120 140 160 180 200 2 4 6 8 10 12 14 16 18 20

8/13/20

P} [GeV]

Pl [GeV]

Haifeng Li (Shandong University)

p: [GeV]

,\ft‘
racks

38



o o o
a0 a4
N A O

Fraction of Events

o
o ©
o o

0.06
0.04
0.02

[ ATLAS

r \E =13TeV, 139 0" — H—py simulation
2-jet

Bkg simulation

8/13/20

2 4 6 8 10 12 14 16 18 20

'\dz
racks

-jet training L=

@ QAR e e e e P T T e @ 046 T T
< L ATLAS —— Data J € F ATLAS — q c [ ATLAS —— Data ]
g - _ .y ——— H-up simulation - cI>')0.08? _ .4 ——— Houu simulation = g C _ .y ——— Houp simulation J
ir] Vs =13 TeV, 139 fb [ {s=13TeV, 139 fb 1 o 0-141 {s = 13 TeV, 139 fb
— r . ’ —— Bkg simulation 7 Co. ' —— Bkg simulation ] “— E ’ —— Bkg simulation ]
© 0.08[ 2-jet - G 0.07F 2-jet - S) F 2-jet j
5§ | ] : 1 g% E
g [ 1 E E B r B
S o.08F 8 £ 1 g£°o% ]
i ] g E 0.08- 3
0.041- 7 E < 0.06 .
L ] g E 0.04 ]
0.02~ N E E 9
[ ] 0.01- E 0.02 F
oL T P T P P N ] | N TR N TP P P o P N U W EUR SN B U Wi
-5 -4-3-2-10 1 2 3 4 5 -1-0.8-0.6-04-0.2 0 0.2 04 0.6 0.8 1 0 20 40 60 80 100120 140 160 180200
* L
Y; cosh P, [GeV]
P :HH‘SHHHH“HD"‘HH‘HH:
€ E ATLA ata E
[ = 5 N |
2008 o iaTev, 1301 - ::“:;LT;‘::Z:”" E
5 0.07F 2ot 9 3
S E 1
'50.06; E
© £ B
- 0.05 E
0.045 =
0.03- =
0.025 =
001 7
0: AT AV RTETE EFTANRr R T —
-3 -2 -1 0 1 2 3
Vi

Haifeng Li (Shandong University)

39



-jet training 2%

@ LA L B L B B BB AR R 20_147\\\‘\\\\‘\\\\HH‘H\\‘HH‘HH‘HH‘HH‘\H7 @ L B B B O B @ OABF T T I T T T T T T T T
S 0.4 ATLAS Data = S L ATLAS — Data ] S [ ATLAS Data ] S [ ATLAS — Data 1
Li E (s = 13 TeV, 139 [T — H~>u;.1 simu.lation E Li 0.12; \f§=13TeV, 139" T H~>up.1 simu.lalion a Lﬁ 0.6j \s=13 TeV, 139 ! T H~>w.l simu.lalion - U>J 0.16 \@:13Tev, 139" T Hap;f simu.lation —
— 0.35 —— Bkg simulation | “— r — Bkg simulation b “— C — Bkg simulation ] r — Bkg simulation b
[S] F 1-jet E o [ 1-jet ] o ;1-jet E 00_1451-jet .
S 0.3F 4 5 01 4§ %% =D 1
P S 18 o | g0 E
i 0-25 D £ 0.08F 4 @ o4 1 I oq- E
0.2 E 006 ] 0.3f = 0.08] ]
0.15 A L i L ] L ]
F E r 7 r ] 0.06~ -
g ] 0.04[ i 0.2 7 g 1
0.1 E : ] : ] 0.04F 3
0.05- 3 0.02- g 01 E 0.02- 7
P e = == = W obude bbb b b g B L] = T P P P R s o
-2 -1 0 1 2 3 -5 -4-3-2-10 1 2 3 4 5 Cb 50 100 150 200 250 300 2 4 6 8 10 12 14 16 18 20
A | J.| .1

q)”“’j‘ nj| pT [GeV] Nliracks

%O'OQ?X']"L‘AJ‘SMH“H‘H“H“D‘a‘te‘a‘”w‘”““é %0.14%\/\‘\7‘_&3\‘””mwmwm‘s;;“m‘mwm% % ;A,‘_L‘A‘SHH HH“HD‘E“EHHWHE

3 0.08F s =13 Tev, 139 fp" — wusimulaton 3 = F (s=13Tev, 139fp" — Howesimuaton — J - =~ 0.0 F {s=13Tev, 139fp" — Howesimuaton 3

— C — Bkg simulation 7 — 0.12- —— Bkg simulation ] = 0.07 —— Bkg simulation =

0007;1-jet E [s] [ 1-jet ] o V.V 1-jet B

5 0.06F 4 B 1 BTE 1

o F 1 o [ ] o £ 3

% 0.05 4 Co.08- 4 oos- =

0.045 E 0.061+ . 004 E

0.03- = i ] 0.03- =

E ] 0.04- = F B

0.02E [ ] 0.02; 7

0.01 E 0.021] E 0.01- ;

S T NN N NN N R T s Gl n bbb bbb b b B 3

-1-0.8-0.6-0.4-0.2 0 0204 06 0.8 1 0 10 20 30 40 50 60 70 80 90 100 93 - -1 1 2 3

cos6* p:” [GeV] Yiu

8/13/20 Haifeng Li (Shandong University)

40



8/13/20

tion of Events

Frac

0.09
0.08

o
o
N

o 9o
o o
a_ o

0.04
0.03
0.02
0.01

O-jet training L £

,\\\‘\\\‘\\\\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\
— ATLAS Data

F (s =13 TeV, 139 bt T H—ppu simulation

E ’ —— Bkg simulation

E O-jet

G\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\

-1-0.8-0.6-04-02 0 0204 06 08 1

coso*

(%] ]
‘q«:‘J 0.4 ATLAS Data =
> - _ -1 ——— H-ppu simulation .
L‘E 0.35 Vs=13 Tev, 139 fb —— Bkg simulation -
[e) r O-jet ]
§ 0.3F =
G - .
i 0.25? E
0.2 3
0.15F -
0.1F 3
0.05f -
0:\ 111 ‘ 111l ‘ 111l ‘ 111l LT T l - l Lededd l Lol \:

0 10 20 30 40 50 60 70 80 90 100
ot [GeV]

Haifeng Li (Shandong University)

|1 O

- ATLAS Data 3
- s =13 TeV, 139 ! T H—up simulation ]
r ’ —— Bkg simulation -
C O-jet ]
: Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il :
3 -2 -1 0 1 2 3

yuu



Signal plus background fits with py=1.2
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Signal plus background fits with py=1.2
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