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e \Why we're interested in boosted Higgs boson (H) and
H — bb?

® \What are the current techniques to identify boosted
H — bb events in ATLAS?

® How to apply the techniques into physics analyses?

e \What will the future look like?
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9 Question 1

® Why we’re interested in boosted Higgs boson (H) and
H — bb?

® \What are the current techniques to identity boosted
H — bb events in ATLAS?

® How to apply the techniques into physics analyses?

e \What will the future look like?
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Higgs boson giving mass

® Mass is inertial for
o €lementary particles

NCreasing Mass sy

st nd /Mrd
everyday matter exotic matter o force particles SW(‘nT:;;yq?\:?:qi;mg 2 . .
- A S e (E = mc*) and is given
1 | to particles through
4 240 XL @ . . .
U 2 D N their interactions with
mass (eV) § . . .
- w0 the Higgs field in
o R : Standard Model (SM).
Wi °) : Discovery of Higgs at 2012
1] oo R Phys.Lett. B716 (2012) 1-29
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' ' Peter Higgs & Francois Englert
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Nobel Prize in Physics
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https://doi.org/10.1016/j.physletb.2012.08.020
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Higgs boson giving mass

1 2" K smavenes @ Higgs fields provides
everyday matter exotic matter force particles (mass giving)
N—/ N A .~~~ massto charged
R ) fermions via Yukawa
charge . . .
coorchare g o) & interactions, with
3 - . strength proportional
id g to their mass.
g
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J 3 First observation of H — bb at
: 2018
. o ?,o y. : Phys. Lett. B 786 (2018) 59
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https://doi.org/10.1016/j.physletb.2018.09.013

(Jopew-pue g+)

(segew-nueg+)

sysenb g

suojdaj 9
P

] Université L!:Eﬁ\

de Paris

Higgs boson: one key for new physics

® Many phenomena can not be explained within Standard
Model like gravity, dark matter ...

Standard I\/Iodel (SM)
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Direct searches
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Boosted Higgs bosons

® Can improve the sensitivity of SM Higgs measurements.
® Can be used as a tool to search new physics.

100 do/dp+(H) [pb/GeV] Eur. Phys. J. C 78, 808 (2018)
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- Boosted region: p, > 250 GeV :
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https://doi.org/10.1140/epjc/s10052-018-6261-7
http://www.apple.com/uk
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The largest BR in H decay: H — bb

® Branching Ratio (BR): fraction of particles decaying to an individual
mode

twitter@physicscakes Higos Roson cacaymoces ,
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9 Question 2

e \Why we're interested in boosted Higgs boson (H) and
H — bb?

® What are the current techniques to identify boosted
H — bb events in ATLAS?

® How to apply the techniques into physics analyses?

e \What will the future look like?
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Jet: Proxy to the quarks/gluons

® Quarks can not be measured directly.

® Jet is a stream of particles produced
from quarks or gluons.

® Jets are reconstructed using

informations from trackers and
calorimeters.

We're interested in b-jets instead of b-quarks.
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b-jet and b-tagging

c-jet

® Secondary Vertex (SV) measurable

due to longer litetime (~ps/~mm) i
e High decay product multiplicity due
to large mass (4.2 GeV)
Primary Vertex (PV)
— INpUtS :
Hadronic Low level High level
jets IP based algorithms Boosted Decision Tree
| algorithm (MV2)
Tracks SV finding algorithm 9 |
associated | Neural Network
to the jet Multi-vertex finding algorithm algorithm (DL1/DL1r)

Primary

b-tagging dlscrlmlnant
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Boosted H — bb tagging

Double b-tagging method

PR(I?, b) ~ gmH

At low energy regimes
Resolved H — bb

The large-R jets with 2 b-tagged associated variable
radius (VR) track jets are identified as boosted H — bb.
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Event display of boosted H — bb

2 b-tagged -
Track jets

\ =
J
/

ATLAS

EXPERIMENT

Run: 338349 :
Event: 616525246

Pr ,
2017-10-16 20:24:46 CEST oton .

ATLAS-PHOTO-2020-006
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https://cds.cern.ch/record/2714877?ln=en
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9 Question 3

e \Why we're interested in boosted Higgs boson (H) and
H — bb?

® \What are the current techniques to identity boosted
H — bb events in ATLAS?

® How to apply the techniques into physics analyses?

e \What will the future look like?
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Work point definition
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Eur. Phys. J. C 79 (2019) 970 Dz

Signal tagging efficiency € =—
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http://dx.doi.org/10.1140/epjc/s10052-019-7450-8
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Calibration

® Taggers developed using specific (nominal) Monte-Carlo (MC)
simulations which may have different performance with MCs
used in physic analyses and which can not fully describe data.

> L L L I IR I LA BN
S {1 ATLAS Simulation Preliminary @ Data Calbration _‘

9 " Vs=13TeV, |n < 2.5, bjets ¢ MG5_aMC@NLO + Pythia 8*

* 2 B ’ , owheg + Herwig 7.0. 7]

®MC-to-MC scale factors: € [ oLire,-70%singecutop O PowrenHag704
T 1.05/— Nominal: Powheg + Pythia 8 [ Sherpa2.2.1 _]

Calt.MC / Crom.MC E - g
@) — -

pd I _

= i % * —

® Data-to-MC scale factors: o I i@_# T -
o ! N =

€, e * 1 i
data’ *nom.MC 0.95 —
O.9__I | | | 1 | | | 1 1 1 | I 1 | | | | | | | 1 | 1 | | | I | | 1 1 | | 1 1 I_

50 100 150 200 250 300 350 400
ATL-PHYS-PUB-2020-009 Jet p_[GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2020-009/
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Usage in ATLAS analysis
1'32 ATLAS | E'ur. Ph'V& :IC-:7-9 '(2'079I)970

1 o Vs=13TeV,80.5fb"
- DL1, g, =70% single-cut OP

/

b-jet tagging efficiency SF
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Extrapolation -

\
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to high p; jets

0.9

" 4 Scale factor (data-based, total unc.)
— Scale factor (smoothed, extrapolated)

Uncertainty (data-based, smoothed)
B Uncertainty (efxtrapolation)

0.8

Generator
0.7

|

102 10°
Jetp_ [GeV]

dependencies

/

. SFdata_MC(pTa n. )
SEvce-meersn- )

Eigenvalue

SF

decomposition to
reduce # of syst.

For tagged jets: w;,, = SF(pp,7..)

l—¢€ 1 -—8SFXe
For untagged jets: w,,, = data Me
— Emc

Applied weight to

1_€MC

simulated events
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Example of direct NP searches

Searches for heavy resonance decaying to HH via bbbb

ATLAS-CONF-2021-035

Acceptance x Efficiency

g 999909099999

g 009909999909~

—
Q

1072

ATLAS Simulation Preliminary

/s=13TeV, 139 b
Boosted channel, spin-0 signal

Oggr (PP—X—HH) [fo]
3

Y
o
w
T T

- ATLAS Prellmlnary
- Vs=13TeV, 126-139 fb~!
- Spin-0

—— Observed limit (95% CL) 3

— =~ Expected limit (95% CL) |
Expected limit +10
Expected limit £20 ]

~ - Resolved expected limit

- == Boosted expected limit

102
10" ¢
1005' = :
250 T 50 1000 2000 300
m(X) [GeV]

Degradation of 2b tagging method at very high energy

Yajun HE - JRJC - 10/2021

LPNHE )

PARIS


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-035/

] Université !.'A PEN/PIE\

9 Question 4

e \Why we're interested in boosted Higgs boson (H) and
H — bb?

® \What are the current techniques to identity boosted
H — bb events in ATLAS?

® How to apply the techniques into physics analyses?

e What will the future look like?
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New X — bb tagger

Instead of tagging b-jets, let's tag the H — bb jets.

Discriminant PHiggs
ftop ' Prop + (1 _ftop) " Prultijet

Yajun HE - JRJC - 10/2021 l 20
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ATL-PHY-PUB-2020-019

New X — bb tagger
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Large-R Jet pt [TeV]

‘ background rejection at higher py.

X — bb tagger shows more powerful
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Signal efficiency calibration

Z( — bb)y and Z( — bb) + jets methods

ATL-PHYS-PUB-2021-035

— . R — LL4_5 llllllll Ill[lIIlllllllll]llllllllllllll_
® Z — bb similar to H — bb topology @ - ATLAS Preliminary :
e 4; (s =13 TeV, 139 fb! E
. . — ;::’ 3.5F Large-R jet pT<450 GeV: Z(— bb)y —
® Important contribution ot Z — bbin S T Large-Rjet p_> 450 GeV: Z(—> bb) +jets -
: T £ 3F 60% WP, R=1.0 LCTopo trimmed jets -
analyses using H — bb S |
s 251 —¢— Stat. uncertainty E
Q N I Stat. + syst. uncertamty
: . : : . t2r
® Calibration using large-R jets having x  f
>2 ghost-associated VR track jets hE
- tagaing!!l :
(different from 2b-tagging!!!) - :
Co bl b b b b b b b 1T

o 200 300 400 500 600 700 800 900 1000
® p--dependent calibration: 200-450 Large-R jet p_ [GeV]

GeV (Zy), 450-1000 GeV (Z + jets)
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Mis-tag rate calibration

First calibration results!!!!!
‘Top mis-tag rate calibration \

“ ATL-PHYS-PUB-2021-035
To construct the T L A R R AR R B
| | To tag the event % L ATLAS Preliminary ;
top 1arg . Jet € 3| (s=13TeV, 139 fb -
f \ 2 [ Semileptonic tf :
o 2.5 60% WP, R=1.0 LCTopo trimmed jets -
*E —+— Stat. uncertainty
€ 2 B Stat. + syst. uncertainty —
s | :
T 15 -
< B i
Ay  E
0.5 -
:I I | | | L 11 | I | I | .| | | I | .| I L1 11 | I:

300 400 500 600 700 800 900 1000
Large-R jet P, [GeV]

QCD mis-tag rate calibration: studies using g — bb events

IE:T
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Application

Production of Higgs associated with a vector boson (VH)
(First study of VH full hadronic ongoing)

arXiv:1708.00794
IIII11]IIIIIIITT]TTIIIIIII][[[IIIII

X — bb tagger

q H%%

q W/Z ’
4

W/Z — gq tagger

1 —
LHC HIGGS XS WG 2016

Illllllllllllllllllllzl‘
1 12 13 14 15
s [TeV]
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http://arxiv.org/abs/arXiv:1708.00794
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New ideas
Boosted Higgs tagging with Lund jet plane and color ring

arXiv:2105.03989
Dr > 2;0 7V
[ Lund Image ZH (bb) Signal Lund Image zesBACKground Color Ring ZH (bb) vs Zbb
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https://arxiv.org/pdf/2105.03989.pdf
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Summary

e Boosted H — bb tagging is an essential topic for physics
analyses.

® Double b-tagging method has been used in most of analyses in
ATLAS and lots of interesting results have been produced.

® Boosted X — bb tagger is newly developed and starts to shine.
Our team’s work on calibration make it useful in physics analyses.
We're looking forward to its performance in current (future)
researches.

® New ideas and new techniques show promising future for physics
at higher energy frontier in future ATLAS and LHC.

Yajun HE - JRJC - 10/2021



