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ldentitying Boosted Top Quarks

— inCMS—

® different approaches to top tagging:

> machine learning algorithms
DeepAKS8, ParticleNet, ...

> cut based using jet substructure techniques
N-subjettiness, soft drop mass
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Classitying the Cut on 73,

cutf on 732

mistag rate €— signal efficiency
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Working Points in One Slide
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Jet Substructure in Recorded Data
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Jet Substructure in Recorded Data
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SF Derivation

— simultaneous fit for merge categories and py of probe jet —

® constraint: Ntotal = Npqss -+ Nfail = const

® syst. uncertainties considered, jet energy corrections largest
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SF Derivation

— simultaneous fit for merge categories and py of probe jet —

® constraint: Ntotal = Npass -+ Nfail = const

® syst. uncertainties considered, jet energy corrections largest
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SF Derivation

— simultaneous fit for merge categories and pt of probe jet — github.com/columntlow/columntlow
combine paper: arXiv:2404.06614

® constraint: Ntotal = Npass -+ quil = const

® syst. uncertainties considered, jet energy corrections largest
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http://github.com/columnflow/columnflow
https://arxiv.org/abs/2404.06614
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Boosted Top Quarks

— in BSM signals —
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Boosted Top Quarks

— in BSM signals —
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Boosted Top Quarks

— in BSM signals —
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Analysis Strategy q

e search for heavy Z like boson q

e mass range from about 0.4 — 9 TeV
e samples to be produced for Run 3 analysis
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Analysis Strategy q

e search for heavy Z like boson q

e mass range from about 0.4 — 9 TeV
® samples to be produced for Run 3 analysis

|. Selection

ll. Reconstruction

1. Event Classification

|V. Statistical Analysis
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Analysis Strategy q

e search for heavy Z like boson q

e mass range from about 0.4 — 9 TeV
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Event Selection

— efficiency per process —
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Reconstruct 1t System
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Reconstructed 17 System
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Reconstructed 17 System

Private work (CMS simulation) 8.0 fb~1 (13.6 TeV)

Private work (CMS simulation) Private work (CMS simulation) 8.0 fo=1 (13.6 TeV)

8.0 fb~' (13.6 TeV)
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Reconstructed 17 System

Private work (CMS simulation) 8.0 fo~' (13.6 TeV) Private work (CMS simulation) 8.0 fb~' (13.6 TeV) Private work ( CMS simulation) 41.48 fo-! (13 TeV)
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Outlook

— Run 2: DNN approach and statistical analysis —

® simple neural network setup
for event classification:

> 59 low level input features
> 2 hidden layers
> 4 output nodes:
ttbar, single top, W+jets, DY

Private work (CMS simulation) 41.48 fo~' (13 TeV)

> . . . > O L T
enrlch s|gnq| reglon gzooo— 1P,1t,x2<30,dnn_‘f; tf:»Jt;(Sm:s V) x2000.0 |

. I= K W + jets (W = Iv) ]
with ttbar events to 2 = ooz ;
ogo o 1500 -

enhance sensitivity | = |

1250} %22, MC stat. unc. -

> use control regions ™ :
to constrain :

backgrounds

8 ‘ |
0 1000 2000 3000

L L L L L I | | | | ]
4000 5000 6 @6
m(tt) / GeV
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Outlook

— Run 2: DNN approach and statistical analysis —

® simple neural network setup
for event classification:

> 59 low level input features
> 2 hidden layers
> 4 output nodes:

ttbar, single top, W+jets, DY

> enrich signal region
with ttbar events to
enhance sensitivity

> use control regions

to constrain

backgrounds

Events / GeV
S
S

—
~
(€)]
o

1500}

1250

1000}

0 1000 2000 3000

750F
500}

250}

Private work (CMS simulation) 41.48 fo~' (13 TeV)

® template-based binned likelihood fit with ditop mass as
sensitive variable using CMS combine tool

® if no significant excess observed:

| | | b | -
14,1t ¥2 <30, dnn T 2~ 1 (M=3TeV) x2000.0 |
- Bl it + Jets

W + jets (W = Iv)
. DY (y/Z - 1l
Bl Single t/t ]
B QCD =
Il Di-Boson
722, MC stat. unc. ]

//

L L L L L I | |
4000 5000 6
m(tt) / GeV

set upper limits on

06, X BR(Z' — tt) at 95 %

confidence level

for illustration:

Private work (CMS simulation) (13 TeV)

0z X B(Z' - tt) [pb]

expected upper limits

at 95% confidence level

500 750 1000 1250
Z' mass [GeV]
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Private work (CMS data/simulation) 7.97 fbo=1 (13.6 TeV)
I | | | | | | | | | | | | | | | | | | ]

$ |
U m m q r .E ! Single t/t / tt + Jets merge categories: -
UCJ 1400__ / I fully merged (3q) T Vijets, VWV -]
i / semi-merged (2q) | Multijet i
1 200 | /I not merged (0q or 1q) // MC stat. unc. |
i . 0 background ¢ Data ]
1000} T s
. efo 4o . . . 800|
® identification of boosted objects essential step in many analyses ;
600}
400?—
® boosted top quarks as potential window to BSM physics 200
. . . O_ :
Run 2 analysis expected to be published very soon O 1_5; %
. . o :/ / ‘ ) ¢ /
® Run 3 analysis setup to look into new data CD*‘% 1-0%‘//,///f/m"ﬁ#*"*;+’*¢ﬁf*"*’*"f"*““‘*:r;;jj“*/
0.5:_2 / l* AT o4
o Z | . . | . . . | . . . | . . .
0.0 0.2 0.4 0.6 0.8 1.0

Probe jet t3/15

® understand cut based top tagging algorithm
using jet substructure and soft drop mass

® derive working points and scale factors
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Private work (CMS data/simulation) 7.97 fbo=1 (13.6 TeV)
I | | | | | | | | | | | | | | | | | | ]

0N |
S U m m a r ..GED i Single t/t / tt + Jets merge categories: i
LICJ 1400~ /:fully'merged (3q) :V+jefs, vV a
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i . 0 background ¢ Data ]
1000{- T -
. oo . . . . 800
® identification of boosted objects essential step in many analyses ;
600}
4001
® boosted top quarks as potential window to BSM physics 200
PN : : of :
Run 2 analysis expected to be published very soon O & %
o o ~ ;// / ' ) ¢ 7
® Run 3 analysis setup to look into new data 5 1-0%‘/ff/ffﬂgmﬁ“ﬂgmﬁf****f**’*"*f:;‘;;*_*j**/
(7 < 'Y ¢¢+
0'5-_2. A/. | l* A R S R
0.0 0.2 0.4 0.6 0.8 1.0

Probe jet t3/15

® understand cut based top tagging algorithm
using jet substructure and soft drop mass

® derive working points and scale factors Stay t u n ed !

CMS . . UH
03.04.25 [ = Boosted Top Quarks in Run 3 Johanna Matthiesen umversim Hamburg 17




BACKUP




Mis-Tag Rate

Fsgate work (CMS simulation)
| | | | T T , | | |

7.97 fb~' (13.6 TeV)

Private work (CMS simulation)

7.971 fo! (13.6 TeV)

Run 3

19

g o | i ’a - | ! ! ! | ! | | | :
S 16 pr > 400 GeV Qb4 w or > 400 GeV
2 105 < mgp < 210 GeV | < 105 < mgp < 210 GeV number of QCD events
N - O B
D 14} _ +2 i o .
= [ QCDevents, that are correctly _éi QCD sample with a FatJet passing
L] o rejected as background, - g 107" 4  selection AND
T - - 0.732, 0.050 .
10k — ~ 98 % of total events _ ) (0.651, 0.025) . .
: & top jet given the 75, cut
i _8 2| (0.561, 0.010) B
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0.8} - .
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0.6 _
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Signal Efficiency

7.97 fb~' (13.6 TeV)

Private work (CMS simulation)

Run 3

7.971 fo! (13.6 TeV)

Private work (CMS simulation) 0
N — T T T T _|_| - . — 10 T ] | | I
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3000l given e.g. cut O]c T32 < 0.65 i % (Correctly) tagged qas a
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- 7 103 E
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mgp Of FatJets
Soft Drop ot oo

SIop wheaen

00T sUb e1s
satisfy soft

Declustar drop
terativaly B
q

— fails for wide-angle soft radiation
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https://cms-opendata-workshop.github.io/workshop2022-lesson-physics-objects/06-substructure/index.html

and Method With ¢f Pairs

o1 o N~ o

2
AR > gﬂ'

. - leading
single A AKS jet
lepton

b tagged
AKA4 et L
IO top
p_llpiss 4_.—"" top

: ® b-tagged AK4 jet miss
®

single lepton close to lepton N o0 GeV ® P1, AKg > 300 GeV
®PT lep ~ 55 GeV ® pr a4 > 15 GeV O pT(W|ep) > 150 GeV ® ietlepton 2D isolation

CMS

UH
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Merge Category Algorithm

Process Decay mode # of merged quarks Subprocess

seml—-leptonic tt 3¢
tt_2q
tt_1o0@q
dileptonic or tt_bkg
fully hadronic

hadronic st _3q
st _2¢
st _1o@q

Process Top decay Assoc. W # of merged quarks

hadronilc

Subprocess

st_bkgx
st_2q

st _100q
st _bkg
st _bkg

1.
2.

process ID set per event from gen level info:

Check if st or
Check if

no probejet

OR top decay merged into probejet not hadronic
OR associated b quark and both associated W
decay products merge into probejet

Check if 3q or

not

AND exactly 3/2 quarks merged into probejet
Check if

not

AND O or 1 quarks are merged into probejet

st _tw leptonic leptonic
st _other leptonic ——
CMS,/ | .
03.04.25 | = A Boosted Top Quarks in Run 3

UH
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https://github.com/uhh-cms/topsf/blob/master/topsf/production/processes.py#L22

Impacts

— Text —
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