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The Coupling between the Higgs Boson and the Muon

e The Higgs boson only couples with the elementary massive particles.

JHEP 08 (2016) 045
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* [n the right plot, only the coupling between the Higgs boson and the muon have not been observed.

e The H — up decay is a unique channel to explore the Higgs boson coupling to the second
generation of fermions.
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The Production and Decay Modes of the Higgs Boson at the LHC

LHC Higgs Cross Section Working Group
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e Diameter 25m, Length 44m

e Overall weight 7000 ronnes

ATLAS Detector

Muon Spectrometer
« Tracking for |n| < 2.7

« Barrel (|n] < 1.05) and two endcap sections

«  Three superconducting air-core toroids
. Bending integral of 2.5 Tm in barrel
. Bending integral up to 6 Tm in the end-caps

Hadronic Calorimeter | e
° Iron and scintillator tiles for |n| < 1.5

Thin-gap chambers (TGC)

‘ End-cap toroid
Monitored drift tubes (MDT)

m Cathode strip chambers (CSC)

Resistive-plate
chambers (RPC)

'3, S EN 25m \-
S 4l ‘ ‘

Barrel toroid
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T
AN
Tile calorimeters

LAr hadronic end-cap and
forward calorimeters
Pixel detectd

LAr electronfqggnetic calorimeters
ambers Solenoid magnet | Transition radiafion tracké

Semiconductor fracker

Electromagnetic Calorimeter

. Electromagnetic:
. Sampling liquid-argon (LAr) calorimeter
. In| < 3.2

Thin-gap chambers (TGC)
N Cathode strip chambers (CSC)

Barrel toroid

Resistive-plate
chambers (RPC)

End-cap toroid
Monitored drift tubes (MDT)

Inner Detector
« Technologies:

. Silicon Pixel |n| < 2.5 (Insertable B Layer (LBL) added during LS1
. Semi-Conductor Tracker (SCT) |n| < 2.5

. Transition Radiation Tracker (TRT) || < 2.0
« 2T axial magnetic field for momentum measurements

Jie Zhang (Shandong University)
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ATLAS Muon

e Muon is the minimum ionizing particle B

e The mass of muon is 105.6 MeV/c? ®

Combined Muons:
ID track + MS track
96% of muons

(Combined Muon]
J I Muon Spectrometer
Standalone Muons: :
. Calorimeters

MS track only Standalone Muon
2.5< |r|| <27

llllll..... ID

Segment-Tagged Muons:
[Segment-Tagged Muon@l. D track + MS track segment

Muon leaves a track in the Inner Tracker
Muon leaves very little energy in the Calorimeter

Muon leaves a track in the Muon Spectrometer

' . Low Pt and special regions

T
—
(Calo-Tagged Muon|

Calorimeter-Tagged Muons:
ID track + calorimeter energy deposit

In| <0.1and 25 < P;< 100 GeV

November 07, 2020 Jie Zhang (Shandong University)




Sighal has good m,,

resolution. Background m

Analysis Strategy

1S smooth.

Use analytic functions to model signal and Background.

Fully data-driven method.

ggF, VBF, VH and ttH signal processes are considered.

Dominant background is Drell-Yan process.

November 07, 2020
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Events
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Event Categorization

e The category selections targeting the different Higgs Boson production modes are made in a
specific exclusive order.

g t,b

e 3/4 leptons
« At least one b-tagged jet

t,b

« 3/4 leptons
 No b-tagged jet

e 2 leptons
* No b-tagged jet

______ u e 2 leptons
 No b-tagged jet
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ttH Category

Use BDT (implemented in XGBoost package) to further suppress backgrounds arXiv: 2007.07830
" L O] e O L B L L B I I B B S DL B R B L B L B
Leadlng tWO muons aS H - IJ.IJ. ch B ATLAS —— ttH H—uu simulation ] CICJ 0'225_ ATLAS —— ttH H—uu simulation _E
T [ (5=13TeV, 139"  ___ pyg simulation 1 O 092F 5=13Tev, 139"  ___ pgyg simulation =
5 040 tH — Data 1 5 0.181 fiH ___ Data E
12 variables are used for the BDT § oot 1 8 onm :
o - [ S 0.12F =
LL B - - Z
" " - " . B 0.1 =
Main background is ttZ. Expected signal: 1.2 events °% ’ 1 oos- E
- - 0.06F =
0-1:— i B 0.04f =
— 0.02F E
Lo b b b b g Ty Tl..i ----- L Tlu_ul =
1 2 3 4 5 6 7 8 9 100 200 300 400 500 600 700
Central Jet Multiplicity H; [GeV]
After BDT selection

%) = R R R AR R AR RR RN R AN EERRE R > T T T T T T T T T T T .

o _ ATLAS —— {fH H—>pu simulation | G %°F  ATLAS Data E

o T0 ¥s=13Tev, 139"  ___ Byg simulation - w20 (s=13Tev, 139 fb" =EZ —

IS B ttH —— Data | -'g 18;_ ttH Diboson _;

S 08¢ — o 16 B ttH Bkg =

£ T BDT Output > 0.35 ] W qaE o ZeJets =

C 06 — 12/~ tZ =

H- i | | 103_ e ttH—pu x 5 _f

0.4 J = E

0.2 — 5

:||'=.=.=.=.=1,.,.,.,.,ll_ |
O 01 02 03 04 05 06 0.7 08 O. 1 110 115 120 125 130 135 140 145 150 155 160
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VH Categories

e WH/ZH, (H - upp). Expected signal: 4.7 events

e Two BDTs: one BDT for 3 lepton (8 variables) and another

10—

e Main background: Diboson

November 07, 2020

Events / 5 GeV

- ATLAS ¢ Data

400 ¢ \@ =13 TeV, 139 fo ! I Diboson
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3507 HE Top ]
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\“\\b\'\\'\'\?\ *

Bkg. simulation
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0
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s 60—
S | aras ¢ Data
o | Vs5=13TeV, 139" W& Diboson
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2 : Zhy* ]
GCJ [ WH, H—pp x 50 ]
u>J 40 —— ZH, H—pp x 50 -
[ Other Signal, ]
[ H—pup x 50
30
20
10 N
N\
110 120 130 140 150 160

My [GeV]
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Events

arXiv: 2007.07830

BDT for 4 lepton (7 variables)

104 T T T T T T T T T T T T
ATLAS ¢ Data

Vs =13TeV, 139 fb™ Bkg. simulation
103} 4-lepton inclusive —— ZH, Hopp x 50

selection
WH, H—up x 50
____ Other Signal,
102 o H—pup x 50

100 hl_'_'

AN\

10—1_
1072 . |
0.0 0.2 0. 0.6 0.8
OvHaL

S [T T T T T T
S | AmLas $ Data

o 70F V/s=13TeV, 139 b BN Diboson

— [ VHA4L category BN Top

P : Zy* ]
w [ -
= 603 —— ZH, H—pp x 50 1
> i WH, H—pup x 50 |
150 Other Signal, ]
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0
110 120 130 140 150 160
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VBF and ggF Categories

arXiv: 2007.07830

q

Includes events with 2 or more jets.

Jie Zhang (Shandong University)
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VBF and ggF Categories

- ATLAS — e arXiv: 2007.07830

0.7:— (=13 TeV 139 fp" — VBF H—uu simulation

C ——— ggF H—uu simulation 7
0.6 2-jet — Bkg simulation -

0.5 -

0.4 -

\ Fraction of Events
(@]
N

0.2F -

0.1~ -
- — =
O_|||||||||| ||||||||||||| ol

0 0.102030405060.70809 1

C)VBF
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VBF and ggF Categories

- ATLAS Data , arXiv: 2007.07830
0.7F (S = 13 TeV. 139 o — VBF H—uu simulatior

C __ ’ —— ggF H—uu simulation
0.6~ 2-jet —— Bkg simulation

o
&)

o
~

\ Fraction of Events
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w

0.2
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1

v A
010203040506 0.70809 1

C)VBF
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GCJ 0 4: ATLAS Data ]
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2 0.3 =
(&) - ]
T : .
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0.15 =
0.1= =
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0.05 = -]
O_IIII|II'I|IIII|IIII|'III|IIIIII -

0 0.102030405060.70809 1

()
OQQF
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VBF and ggF Categories

- ATLAS Data , arXiv: 2007.07830
0.7F (S = 13 TeV. 139 o — VBF H—uu simulatior

C __ ’ —— ggF H—uu simulation
0.6~ 2-jet —— Bkg simulation

o
&)

o
~

\ Fraction of Events
(@]
w

0.2

0.1

C)VBF

u) FTTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT 7T T4
= . A1|'LAS|  —baa .
L%’ 0.4F (S =13 TeV, 139 fo! — VBF H—uu simulatiori
“— - —— ggF H—uu simulation J
g 0'35:_ 2-jet —— Bkg simulation E
2 0.3 -
8 - ]
(D [TTTT | TTTT | TTTT IIII|IIII|IIII|IIII|IIII|IIII|IIII_ S __ __
T 0.25[ ATLAS Data ] L 0.25¢ :
(O] - . . C ]
> - (s=13TeV. 1390 — VBF H—uu simulation _ 0.2F ]
}L) O 221I T | TTTT | TTTT TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | T I: ‘LE : ' ’ ggF H_>M!.,l, Slmu|at|0n : E E
c U-cCE ATLAS Data o S 0.2f 1-jet — Bkg simulation ] 0156 E
o 020 Vs=13Tev, 139" — VBF Fuusimulation- S L i - :
5 0.185 0. —— ggF H—=uu S|mulat|on__ o | 0.1 =
CC) - 16 O-jet —— Bkg simulation ] © 0 15‘ 7 - .
~ B . — ] - _._,—l—'_'—__
S 0.16% = 2L ] 0.051 — =
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U 0.12F - 0.1 — 0 010203040506 0.70809 1
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arXiv: 2007.07830

x107)

ttH
I
B Diboson

VH

e VBF
{ I ggF

m
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Event Categorization

uolnsodwod [eublg uonisodwod -Byg

e 20 categories in total

14

Analysis Categories

Jie Zhang (Shandong University)
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Signal Modeling

e Double-sided Crystal-Ball function is used to model the signal shape, which is described by a
Gaussian core of distribution and two asymmetric exponential tails as below:

arXiv: 2007.07830

% 0_2: | | | | | | I. | | | .I | | | | | | | | | | | | | | | | | :
G 0185 ;\7\_TLAS$|$ulat|o:b1 = . _ . . - .
A - \s=13 TeV, 139 b’ N m,, — . My, —
—~ 0.16 — exp | - =% =) » if @, , < —2 = < Opign
3 - H — uu - OcB OcCB
£ 0141 | | | = ! i
% 0.12F VBF Very High O-jet Very High - exp [_alzow/z] oy, - My
= — ¢ MC ®; MC = — ——— lf S alOW
= 0.1 —Signal model — Signal model — _ a. . iy, — M Ocp
- . fDCB(m,u,u) = 3 p > — App ~+
008 — mCB — 1247 Gev ‘ mCB = 1248 GeV —] I low low Ocp |
- O = 3.0 GeV ' Ocg=26GeV -
0065 ° \ ° . 28 [_alf%zgh/zl oMy, - MCB
0.04— —] - T it ~ > Xhigh
H ] Xnigh Mhign m,, — Mcp CB
0.02 :_ ) _: Nhigh Xpigh B ahigh T OcB
w I | | | | | | | | | | | | | | | | | L - -

110 115 120 125 130 135 140
m,, [GeV]

M 5: mean value of the DCB function

ocg: width of the DCB function
a;,w- threshold for the left low-end tail

Ahign: threshold for the right low-end tail
Niow: power in the left low-end tail
*  Npign: power in the right low-end tail

November 07, 2020 Jie Zhang (Shandong University) 15



Background Modeling

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

o Fixed part (physics motivated): LO 2 - 2 Drell-Yan analytic lineshape

m, . resolution effect included by smearing with Gaussian

HHU

e Floating part:

Category Empirical Function
VBEF Very High Epolyl
VBEF High Power(
VBF Medium Power(
VBF Low Power(
2-jet Very High  Powerl
2-jet High Epoly?2
2-jet Medium Powerl
2-jet Low Epoly3
1-jet Very High Epoly2
1-jet High Epoly?2
1-jet Medium Powerl
1-jet Low Powerl
0-jet Very High  Powerl
0-jet High Powerl
0-jet Medium Powerl
0-jet Low Epoly3
VH4L Powerl
VH3LH Epoly?2
VH3LM Epoly3
ttH Power(

Events / 2 GeV

Function

Expression

PowerN
EpolyN

(a0+a1m#,u+a2m2 +...+aNmN )

My

exp(aimy, + a2m2

+ ... +aymy,

November 07, 2020

Temp./Bkg. Temp./Core

Jie Zhang (Shandong University)

arXiv: 2007.07830

Simultaneously fit with 20 categories
to extract signal strength

—1 T (S |

14
12

ATLAS S|mulat|on
Vs =13 TeV, 139 fb
H — uu, VBF High
v?/n.d.f. =0.97 (p

= 51%) — Signal pdf

—o- Template
— Bkg. pdf
Core function

0.9

110 115

120 125 130 135 140 145 150 155 160

m,, [GeV]
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Results




Statistical Results

arXiv: 2007.07830

% 700:_' ' A7'-L'A'SI ettt ettt "_:
(D — —¢—Data —
- — -1 — Total pdf — : - g

N OE fs=18 Te\? 132”’) ~ Signal pdf - Significance: 2.0c (1.70 expected)
= 500 H — uy, In(1 + S/B) weighted — .
5 - - Bkg. paf - Best fit: y=1.2%0.6
g - =
L 400 = —
5 = =
£ 800 E
A2 — -
%’ 200 —

100E- = Data statistics: +0.58
e
L0 Spurious signal syst.: £0.10
8  —2r + ---------------------------------------------------------------------------------------------------------------------------------- -
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Signal Strength in Different Categories

arXiv: 2007.07830

| I I I I | I I I I | I I I I | I I I I I I I I | I I I I
ATLAS (s=13TeV, 139 fb’ H — uu
e Total Stat. Syst. SM Total Stat. Syst.
VH and ttH categories : e | 50 £35 ( £33, =£1.1)
ggF O-jet categories —o+— -04 =16 ( 1.5, £0.3)
ggF 1-jet categories — 24 £12 ( 1.2, £0.3)
ggF 2-jet categories |—o— -06 £1.2 ( £1.2, £0.3)
VBF categories —a— 18 +1.0 ( £1.0, +0.2)
Combined I'.E'I 1.2 +0.6 ( £0.6, igf )
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
-10 -5 0 5 10 15 20

Signal strength
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Summary

e H - ppu is used to probe the Higgs coupling to second generation fermions.

e H - pp search with full Run2 data. Observed significance: 2.00 (1.70 expected).

e Best-fit combined signal strength: u = 1.2 = 0.6.

e Outlook:

e Need more data to understand the coupling between Higgs boson and muons.

e LHC Run3 will start from Feb 2022.

November 07, 2020 Jie Zhang (Shandong University)
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Large Hadron Collider (LHC) Run?2

LHC

— et ),
nN A~ O
o O O

Total Integrated Luminosity [fb]
o
o

N ] |
- ATLAS

— Preliminary

:_ . LHC Delivered

- [ |ATLAS Recorded
D Good for Physics

Vs =13 TeV

Delivered: 156 fb™
Recorded: 147 fb™
Physics: 139 fb™

uoleiqed 61/

80/

60/

40F

20/

O:" R R TR Y SO R
20 12y 1008 (18 AT T (a1 18

November 07, 2020

Month in Year

2 beams travel in opposite directions, and intersect at four points which is
where the particle collisions take place

each proton beam at full intensity will consist of 2808 bunches

each bunch will contain 115 bl

the time interval between bunc

lon protons at the start of nominal fill

nes is 25 ns

40 million collisions per second

In 2017 the LHC is operating with

2556 bunches per beam

6

A

Jie Zhang (Shandong University)

Each bunch contains around

40 cm Typically
'« > ~1t0 2 mm
i : at 6.5 TeV
= e ?
~25 Ns | | |
~7.5m i ( A

120,000 million protons
—

22



Higgs to uu

o The Higgs cross section at 13 TeV is about 55 pb. With 140 fb~! data, ~8 million Higgs boson

have been produced. arXiv: 2007.07830
) =L L I AL B ISR B B DL
< oF ATLAS . Data
e 1540 of them decay to up. o 107E Vs=13Tev, 139.0fb" Z/y*
108 :_ -Diboson
= Bl Top
107 ;_ o, — H—uu x100

Syst. uncert. =

e Why it is so difficult to find H - pp ?

e Low branching ratio 8

al
o Large irreducible background g 0ol

A A I Lev v b b b b by |
= signal/background ratio typically at 0.1% level 80 90 100 110 120 130 140 150 160

m,, [GeV]
» Hard to find signal (requires good separation between signal and background)

« Result can be easily biased from background mismodeling
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Reconstruction and Calibration in the Muon Spectrometer

e Reconstruction:

. . . > L g A - R N =T
e In the x-y plane, muon’s track is a straight line 2 R -,
O B |
"""""""""" " i 0.9— ]
i eData oMC i
i e _
u —o— Tight muons |
0.8 =S= . —
- ATLAS Preliminary =os ~# Medium muons _
: s=13TeV, 139 fb-1 Loose muons :
sy - pT>1O GeV _
5
. . tag g 101_ ............................................................................................................................................. —
o Calibration: / 3
M 5
a
e Use the Z - pu samples
/ 15 -1 -05 2.5
probe M

e Within the ID acceptance INl < 2.5, the Medium working point accepts only CB muons.

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

and ST muons in the range Inl < 0.1.
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Muon QED Final State Radiation

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

arXiv: 2007.07830

4

> i I I I I l I I I I l I I I I l I I I I l I I I I | > [T I I I l I I I I l I I I l I l ]
8 g |- ATLAS Simulation (] Before recovery_| 8 - ATLAS Simulation [] Before recovery
> - H—uu B After recovery - ~ - H—=uu B After recovery -
& - 2 - £ 150 - s -
c - Vs=13TeV, 139 b i - — {s=13TeV, 139 b 1
® 6 L Only events with FSR (5% of all) _ g i _
LL u _ LLl | _
! | 100 |- -
4 Mean: 118.6 GeV — i Mean: 124.1 GeV
] Mean: 126.1 GeV | - Mean: 124.4 GeV -
- RMS: 4.7 GeV - 50 [ RMS: 3.6 GeV
2r RMS: 4.3 GeV - RMS: 3.5 GeV -
0 i ot X I Y > T R T T R _ 0 B — |

110 120 13 140 150 160 110 120 130 140 150 160
Mgy [GeV] M) [GeV]

M

e The FSR recovery leads to a narrower mass distributions and decreases the peak RMS by around 3%.
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e Events within m

November 07, 2020

, = 120-130 GeV

Event Yields

arXiv: 2007.07830

H
Category Data Ssm S B S/B S/B (%] o [GeV]
VBF Very High 15 2.81 4027 33+ 1.7 14.5 + 2.1 22.6 3.0
VBF High 39 3.46 4= 0.36 4.0 £ 2.1 32.0 = 2.9 0.71 12.4 3.0
VBF Medium 112 4.8 = 0.5 5.6 = 2.8 80 = 4 0.61 6.6 2.9
VBF Low 284 7.5 £ 0.9 94 273 = 8 0.53 3.2 3.0
2-jet Very High 1030 17.6 = 3.3 21 = 10 1024 = 22 0.63 2.0 3.1
2-jet High 5433 o0 = 58 = 30 5440 =+ 50 0.77 1.0 2.9
2-jet Medium 18311 79 = 15 90 = 50 18320 == 90 0.66 0.5 2.9
2-jet Low 36 409 63 = 17 70 &= 40 36 340 &= 140 0.37 0.2 2.9
1-jet Very High 1097 16.5 =24 19 = 10 1071 &= 22 0.59 1.8 2.9
1-jet High 6413 46 = 7 54 * 28 6320 == 50 0.69 0.9 2.8
1-jet Medium 24576 90 = 11 100 == 50 24290 == 100 0.67 0.4 2.7
1-jet Low 73459 125 == 17 150 == 70 73480 &= 190 0.53 0.2 2.8
0-jet Very High 15986 09 = 11 70 = 40 16090 = 90 0.59 0.4 2.0
0-jet High 46 523 99 = 13 120 == 60 46 190 == 150 0.54 0.3 2.0
0-jet Medium 91 392 119 = 14 140 &= 70 91310 = 210 0.46 0.2 2.7
0-jet Low 121 354 79 = 10 90 == 50 121310 == 280 0.26 0.1 2.7
VHA4L 34 0.53 = 0.0 0.6 == 0.3 24 = 4 0.13 2.0 2.9
VH3LH 41 1.45 = 0.14 1.7 == 0.9 41 £ 5 0.27 4.2 3.1
VH3LM 308  2.76 == 0.24 3.2 = 1.6 347 = 15 0.17 0.9 3.0
ttH 17 1.19 = 0.13 1.4 = 0.7 15.1 == 2.2 0.36 9.2 3.2

Jie Zhang (Shandong University)

26



Systematic Uncertainties

arXiv: 2007.07830

Main systematic uncertainties

« Theory uncertainty on signal cross-section

« Experimental uncertainties on muon selection efficiency

e Spurious signal systematic per category due to background fit

An/u

-0.1 -0.05 0 0.05 0.1

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— uu BR

Spurious signal, 2-jet Medium cate.

Muon momentum resolution ID

November 07, 2020 Jie Zhang (Shandong University)
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—
N

= =
~ 11 = @ Muon spectrometer +
g 10 = inner detector
'.g — A Muon spectrometer only
o 9 B
% E ml <1.5
r ° E
7 B ID only -
6 ]
5 £
4 =
3 B
2 B ot
1B
0 = 11 I IIIIIII‘ I IIIIIII‘
2 3
10 10 10
P, (GeV)

* Most H » pu signal have muon P, between 50 GeV and 100 GeV

- Sensitivity to signal is proportional to the 1/\/;
S |

VB o
Improving the dimuon mass resolution is the key to find H > yu signal at LHC

Jie Zhang (Shandong University)
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ttH BDT Training Variables
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VH 3-lepton BDT Training Variables
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VH 4-lepton BDT Training Variables

31

7)) [ T T T T T T o [ T 1 - - 1 T 1T 7)) [ T — T T T T T T T 1 T T T T T T T T T 4(2 [ T T T T T T
$ 015l ATLAS —— Data ] S - ATLAS —— Data S - ATLAS —— Data ] = | ATLAS —— Data -
e - V/s=13TeV, 139 fo! =—+— H— pu simulation : AT | /s=13TeV,139fb" —— H— ppsimulation | \T 0.35 Vs =13TeV, 139 fo! —+— H— pp simulation D1 0.35F Vs=13TeV,139fb" —+— H— ppsimulation |
“s | 4-lepton inclusive —— Bkg simulation “5 0.40F 4-lepton inclusive —— Bkg simulation “s [ 4-lepton inclusive —— Bkg simulation “s : 4-lepton inclusive —— Bkg simulation
c 0.15} selection c | selection c 0.30F selection c " selection
o [ O - S T S 0.30:-
S 0.12} & I 3 05| z |
L _ IC 030+ - V-9t i 0.25¢
0.10F 0.20F 0-20;.
0.08} 0.201 E
005! _i_,—~ - - N - | 0.10} 0.10}
0.03f -' | " | 0.05 0051 .+
| e | T L | LT | L"%H—H.d-'_-hﬁ
0.00 - - 0.00 @F—— ........... —— 0.00- ------------------- 0.00' ML L N i e . Y -
0 1 2 3 60 70 30 90 100 110 0 1 2 3 4 5 6 1 2 3
Adby, v, Z Candidate Mass [GeV] ANy, ANOIY,
L 070 " 77 NN L2 - ) | ' ' ' ' '
S [ ATLAS —— Data . S 1.00r ATLAS —— Data & | ATLAS —— Data _
kT [ /s=13TeV, 139 fo! —+— H— pp simulation | AT - /s=13TeV, 139 fb" —+— H— ppsimulation | ) | /s=13TeV, 139 fo! =—+— H— up simulation
5 0-60:' gg%%’f[%‘n'”dus've —— Bkg simulation 5 : g;%%ﬁ%‘n'”dus"’e —— Bkg simulation | 5 0.80F g;lz%'g[?gnmcluswe —— Bkg simulation
S [ S 0.80F S [
O - O o
S T T 0.60f -
0.40¢ 0.60f
0.30 0.40 I 0.40 )
0.20} |
; 105 0.20f 0.20} :
o Rguattl L
I 1 1 . . L h - L i==m—=_— L i
50 100 150 200 50 100 150 200 ' 0 1 o) 3 4 5
P’ [GeV] p% [GeV] Jet Multiplicity
November 07, 2020 Jie Zhang (Shandong University)



B 0.16_ TT | T TT | T TT T TT | T TT | LI | LI | LI | LI | TT ]
c [ ATLAS Data ]
g 0.14[ Vs =13 Tev, 139 fo! — H—uusimulation
— C oot —— Bkg simulation 1
2 0.12 e —
ie) - ]
& 0.1 .
L . ]
0.08_—_ -]
0.06F .
0.04F s
0.02F .
O:I 1 1 | 111 | 111 | 111 | 111 | 1 11 | 1 11 | 1 11 | 1 11 | 1 1 I_

0 20 40 60 80 100120 140160 180 20(

up

P [GeV]
-.(2 [T TT | T TT | T TT T TT | T TT | LI |D| |t| | LI | LI | LI
c - ATLAS ata 7
L%’ 0.5:_ s—13TeV, 139 f0" —— H—>u;.1 simu.lation _:
— B —— Bkg simulation 1
o | 2-jet i
5 0.4 B .
© - | i
s T ]
L 0.3 -
0.2 | .
0.1~ -
O_ Ll 11| | 11| | 11| | L1111 1= : T T i I —— I /- l_

0 20 40 60 80 100 12014016Q180 200
P2 [GeV]
B :' L | L | L | LA | L :
c - ATLAS Data .
|_?>_|) 0.35:— s=13TeV, 139107 — H—>M‘l.k simu.lation g
s - ooiet — Bkg simulation .
o 0.3~ -
S - .
S 0.25 -
I - .
0.15F =
0.1= =
0.05F .
O: et b e by :EE

0 200 400 60 800 100
m; [GeV]

November 07, 2020

rrdacuorl Ul Zvelrils

Fraction of Events

2-jet BDT Training Variables
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1-jet BDT Training Variables
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