New results from searches with
highly boosted Higgs and vector bosons
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Resonance Searches with Boosted H/V Jet
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e VV, VH, HH resonance motivated in many BSM models
Bulk Extra Dimension, Composite Higgs, Little Higgs
Spin-0 Radion/Higgs; Spin-1 W’/Z’; Spin-2 Gravitons

e Hadronically decayed V/H: High rates, reconstructable spectrum
Huge QCD/Wijets bkg, data-driven estimation

e Highly boosted V/H: Grooming, substructure and/or b-tagging
TTbar control Region, Scale Factor
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https://arxiv.org/pdf/1302.0260.pdf

Pileup Mitigation, Softdrop

PUPPI (PileUp Per Particle Id): based on PF

paradigma general framework that determines, per
particle, weight for how likely a particle is from PU
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evaluated for each particle i, looking at
all the charged particle j from PV
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Forward region use all pf-Inputs since
no tracking vertex constraint

More from Anna Benecke and Dennis Schwarz ©
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—Undo last stage of C/A clustering, label subjets j1,j2

min(pri1,pr2)
Pr1+ P12

> Zeut (

then j is soft dropped

CMS: R0=0.8; beta=0; zcut=0.1

else redefine j to be the harder, and iterate

— Recovers (modified) mass drop BDRS tagger for

beta=0

» This case always removes soft radiation entirely

(hence the name)


http://cds.cern.ch/record/1751454?ln=en

Validation in tt events

Phys. Rev. D 98, 092014 (2018)

Soft-drop observables, unfolded to particle level
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https://arxiv.org/pdf/1808.07340.pdf

Substructure tagging: mass decorrelation
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T21 variable shows

a dependence on the jet
pT-scale as well as the jet
mass. This particularly
affects the monotonically
falling behaviour of the
nonresonant background
distributions.
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N-subjettiness: How likely is a Jet to have “N” subjets
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https://arxiv.org/pdf/1906.05977.pdf
https://arxiv.org/abs/1603.00027
https://arxiv.org/abs/1011.2268
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Events / 5 GeV

Boosted Technique: Calibration

Extract scale factor, mass scale, and resolution from fit in TTbar Control Region
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https://arxiv.org/abs/1906.05977

Background Estimations: alpha and 2/3D
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Forward folding kernel approach to ensure smooth QCD templates My

- 3D templates derived from MC
- Particle-level evts smeared using detector resolution
- same procedure for resonant bkg. (W/2)

P(m Mjet1 jet2) PW( )X Pcond 1( jetl‘m )X Pcond 2( Jet2‘m )

- Each event contributing to a
1D/2D gaussian kernel
defined by detector scale
and resolution.


https://arxiv.org/abs/1808.01365
https://arxiv.org/pdf/1906.05977.pdf

Heavy Higgs— WW 2016  HIG-17-033

High mass SM-like Higgs states predicted in many BSM models: 2HDM and Electroweak Singlet
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http://cds.cern.ch/record/2668687?ln=en

Events /50 GeV

Heavy Higgs— WW 2016

Di-leptonic channel: Semi-leptonic channel
Different-Flavor Boosted Resolved
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Heavy Higgs— WW 2016

Di-leptonic channel: Semi-leptonic channel
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Limit 95% CL on oy _, \,w [PD]

No excess observed. Upper limit is set at 95% CL on cross section times branching fraction,

Heavy Higgs— WW 2016

with different values of the VBF fraction.

Interpretations on MSSM and 2HDM scenarios are also given.
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https://arxiv.org/abs/1906.05977

X— VV 2016+2017

QCD multijet:
e PYTHIA only
e MADGRAPH MLM + PYTHIA
e POWHEG+PYTHIA,
e POWHEG+HERWIG ++ 2.7.1

TOP Pair:
e POWHEG NLO+PYTHIA,
e MADGRAPH MLM + PYTHIA
e Further reweighting on top
quark PT to DATA

W/Z+Jets:
e MADGRAPH MLM + PYTHIA
e PT Dependent NLO
QCD/EWK included
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https://arxiv.org/abs/1610.04191
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X— VV 2016+2017
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QCD multijet: forward-folding kernel approach 3 5\ _p s, |, sQco, SQcD
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Jet mass is correlated with transverse momentum (and therefore myj)
W/Z+jets (and TTbar+VV):
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X— VV 2016+2017
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X— VV 2016+2017

20-30% improvement with respect to the previous method
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o(G) (pb)
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Di-boson 2016 combination Submitted to PLB

Combination of all VV/VH analyses of 2016 data for spin-0, spin-1, and spin-2 interpretations
- Large gain in statistical combination

2016 diboson combination 359" (13 TeV)

T I T T T T | T T T T I T T T T I T T T T I T T T T | T T T T ] T T T T :_t
Combination B
CMS —— WW — qdqq (PRD 97(2018)072006)
—— WW - Ivgg (JHEP 05(2018)088)
ZZ - qgaqg (PRD 97(2018)072006)
ZZ — vvag (JHEP 07(2018)075)
% ZZ — llgq (JHEP 09(2018)101)
" —— 7Z - llvv (JHEP 03(2018)003)
—— HH — bbbb (PLB 781(2018)244)
- ——— HH — 1tbb (JHEP 01(2019)051)

-~ ey
......
- .
.......

T T TTTT]
L1101

=
e
A
.

-
o
.....

", ond ol
--------
.....

-------------------
.......................
.....
________
.....

1 IIIIIII

L1 Erl

-
.
-
R
D
-
L
a
-
.

> -
LTS / F T

..........
........

--------

95% CL upper limits
— Observed

T T IIIIII|

...... Median e}pgctgd
L~ Bulk graviton'(k = 0.5) _|
TANITIININD.  CIETIRINTETECENEE ] Pl
1000 1500 2000 2500 3000 3500 4000

mg (GeV)

4500

=
=
>

©

10

10_1 ._':. e .

102

10"

10+

35.9 o' (13 TeV)

2016 diboson combination

TT IIHIII

T 1.7

T[rtrrrrrrrrrr|yrrrorprr o1ttt

=
~
'Jt
e .‘

Combination
—— VV — qqqq (PRD 97(2018)072006)
— VZ — vvqq (JHEP 07(2018)075)
— VW — lvqq (JHEP 05(2018)088)
N VZ - liqq (JHEP 09(2018)101)
N —— VH — qgbb (EPJC 77(2017)636)
\’\,__ ~——— VH — vvbb (JHEP 11(2018)172)
VH — Ivbb (JHEP 11(2018)172)
——— VH — lIbb (JHEP 11(2018)172)
——— VH — qqrt (JHEP 01(2019)051)

CMS

95% CL upper limits

E Observed
E G Median expected PR
- ~——— HVT model B 7
Ly oo o b v v b by v o by v by oy by s
1000 1500 2000 2500 3000 3500 4000 4500
m,. (GeV)

19


https://arxiv.org/abs/1906.00057
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Included for the first time searches with only leptons in the final state: Z’'—lIl, W —lv
- enlarge excluded region of the parameter space
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X—HH—-bbWW 2016 submitted to JHEP

1
. 2

bbWW
25%

Nick McColl

Massive Boson
Decays to two boosted H’s

back-to-back [

»V

One H decays to b’s

Reconstructed as an AK8
jet “bb jet,” mppis a search
variable

= B
Event categorization:
- W—qq: n-subjettiness

Lepton and jets
overlap..hard to isolate

One off-shell W: limited /'

mass constraints

Challenging lepton-in-jet reconstruction:

-~ Hosbb: sub-jet b-tagging (CSV) e pT dependent cone isolation
Categorization type ~ Selection Category label 0.2, pr < 50GeV,
L fl El
epton flavor g > AR 10GeV/pr, 50 < pr < 200GeV,

bb jet subjetb tagging One medium bL 0.05, pr > 200 GeV,
One medium and one loose bM
T di bT : ;

TN ;o S . e |epton subtraction from the AKS8 jet
qq /71 < 0.55 HP 21



https://arxiv.org/abs/1904.04193

X—HH—-bbWW 2016

Background divided into 4 categories with gen-information:

Bkg. category Dominant SM process(es) Resonantin m

Num. of gen.-level quarks

bb

1y tt Yes (near m;) 3 from t

My tt Yes (near my) 2 from W Within AR<0.8 of the bb Jet axis.
Lost t/W tt No lor2

q/g W+jets and multijet No 0

background estimation with 2D fit of mws and mun
359 ft?" (13TeV)

: Non-parametric fit with KDE

3591 (13 TeV)

> IS S S S e e > 7 EE B T ™ T
© - CMS 1 Data 3 o 10°F CMS I Data
© 1000} tica == Fit unc. q e den == Fit unc.
— C  Allcategories @l m, bkg. O m, bkg. ] ©  10* |- Allcategories Bl m, bkg. [ m,, bkg.
& 800 [JLost YW bkg. [[]q/g bkg. 7 = [JLost /W bkg. [] a/g bkg.
0 o - -—
> X i {1 = 10°k
W E . 1 . .
6005 = b E Validated in TTbar and q/g CR
g : 10°
400 - ol - Data vs MC differences encoded
y as shape systematics
5 0 .. o .
5 15F 4 3 s
g 1;}1"'*"""""1"”‘1"’1"" l'I’!"I’"’l’f-"-‘rwl’—{‘1‘-¥'—l$f9€ g 1?—-4« a- lv)-14a—LLfTL}-ss.,,
05fF E 05F {
40 60 80 100 120 140 160 180 200 7000 1500 2000 2500 3000 3500 4000

m_; [GeV]

My, [GeV] 22



X—HH—-bbWW 2016

35.9fb"' (13 TeV)

> T T T T T T
= = = ] = H 5 CMS \l\‘ Da':m
Background estimation with 2D fit of mos and mu in SR region g F e mnis @t
Alternative background template included as shape uncertainties 2 1028 ok W2y e
B 35.91b" (13 TeV) & 2
; I ' l ' .I : el % 100_' \ T Ll 1 T L} T l_ -
E 3sf- CMS ‘:;%EF);':nc. g :SESHP %%}:&"; @ m,, bkg ‘
© 1, bM, LP @ mbka.  E3m, bkg. S 8o [JLlosttWbkg. Cjq/gbkg.  _ 1k
= 30 [ Lost tW bkg. 3 a/g bkg. 2 B 1TeVX —25TeVX - =
b 1TeVX g —25TeVX o S . o5(X — HH) 202 pb e 3
s 25 6B(X — HH)= 0.2 pb & Wk B
= E 1 107 .
" E 5 2.%
: 8
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A : : : - 051 oy .Li_lx .,.] 1 } I l l i
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o.siﬁ N [[ [ ][ I . o 0.51_ T{N e *”}”\H t ﬁ 3 Luminosity Y Signal
740 60 80 100 120 140 160 180 = T T T T T PDF and scales i 3 Signal
¥ m 5 [GeV] Trigger ¥ Signal
Lepton selection i 4 Signal
Signal modelled with conditional probabilities Jetenergyecdle Y.t Slgnal
Jet energy res. Y, myy Signal
(double CB + exp) Unclustered energy Y,myn  Signal
bb jet b tagging i 4 Signal
Pgonal(my i, Mg |mx) = Pyp (myp|myg, myx, 01) P (my - |my, 62). AK4 jetb tagging veto Y Signal
sgnal My bh Boy o q@ »/7 HP:14%LP:33% Y Signal
qq’ /T extrapolation ¥ Signal




Set limits on spin-0 and spin-2 resonances with similar sensitivity as HH—4b final state

GB(X — HH) [fo]

X—HH—-bbWW 2016

2

CMs
Spin-0 X

a3

2

10

LI LA A LA | |
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95% CL upper limits
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Summary

Rich results from CMS on searches with boosted bosons, although no obvious anomaly.
For more results not covered in this talk see CMS EXO and B2G pages

Long road ahead with fun and possible surprise!

Full Run2 with 137fb-1

(]
e multi-dimensional fit or multi-regions
e A grand combination with and beyond VV/VH
e Advanced tagger, new topology

Details from Meenakshi Narain
. Particles
éI %Eje%}] Fully

connected| |Output e.g. Hcc tagger

- _— ’ applied successfully in
;I r“i‘tﬁ” l‘?ﬁﬂﬂj gl first CMS result on VH, H—cc
=V s ordered by Se CMS-PAS-HIG-18-031
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https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/B2G/index.html
http://cds.cern.ch/record/2682638/files/HIG-18-031-pas.pdf

First CMS result on VH, H—cc: a slide from EPS-HEP2019

DIRECT SEARCH H—cc

First direct H—cc search in CMS target the VH production
* Three exclusive channels to capture V decay modes

* Two approaches to explore the H—cc decay topology

* Advanced charm-tagging techniques exploited

3596 (13TeV) 359fb ' (13 TeV)

%109_ T T T D ,.-' a i T T T _1 T T ¥ T
Xl SEE WO — M | B3 s e obs(exp) UL on o/0su
G omeay @ uf pamey Qe

L 4 i : P . g s .

10 | 2L ). High vop_ B;ﬁ: Ei:;-ce. ] i :'::w [zeens !\Mﬂﬂ:o.u-zt A‘r‘l'Al VHce (36/fb Run2) 1 0(1 50)( )
[ Signal Reglon Bl VHH-t5) % S«Buncetarty o ot ot i e =
/- VHcc (36/fb Run2) 70(37)

Results are significantly improved

M5 gt UL on o/osm < 6.3
d 4 3 2 S : in the absence of syst unc.
g 5 = osflt e ] i by extrapolating ATLAS Run2 results
0 : y ; v 20 40 & 20 00
< b g b OQSDT outpu: l-;iggs ce‘andidate mas‘s [GeV]
(*) only Z—& + H—cc channel analysed 26
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https://indico.cern.ch/event/577856/contributions/3396805/attachments/1880423/3098061/CMSHighlightsEPS2019.pdf
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Substructure: tagging

SIGNAL BACKGROUND o W+ijet 8Tev
2 Tr———— S AL B
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https://arxiv.org/abs/1011.2268
http://cds.cern.ch/record/1577417?ln=en

X— VV 2016+2017

Table 1: The W jet mass peak position (m) and resolution (¢), and the W-tagging efficiencies,
as extracted from top quark enriched data and from simulation, together with the correspond-
ing data-to-simulation scale factors. The uncertainties in the scale factors include systematic
uncertainties estimated as described in Ref. [62].

submitted to EPJC

Table 2: Summary of the systematic uncertainties and the quantities they affect. Numbers
in parentheses correspond to uncertainties for the 2016 analysis if these differ from those for

a.u.

m [GeV] o [GeV] W-tagging efficiency 7 E e 3 5
2016 2017. Dashes indicate shape variations that cannot be described by a single parameter, and are
ot <043 discussed in the text.
Data 82.0 0.5 (stat) 7.140.5 (stat) 0.080 = 0.008 (stat)
Simulation 80.9 = 0.2 (stat) 6.6 +0.2 (stat) 0.085 £ 0.003 (stat) = = o/ 0,
Data/simulation 1.014 £ 0.007 (stat+syst) 1.09 £0.09 (stat+syst)  0.94 & 0.10 (stat+syst) IS)C]))U;CE lsz?]e‘ lant (llgantlty HPHP unc. ( '0) 3 HPLP unc. ( /0)
s ignal yie
0.43 < TRPT < 0.79 Wh . s s : : ;
oson tagging efficiency Signal + V+jets yield 25(21) 13 (11)
Data 0920 = 0.008 (stat) : ; JS3y
Simulation 0915 = 0.003 (stat) oson taggin, ependence Signal + V+ets yie —
Wb tagging pr depend Signal + V+jets yield 8-23 9-25
Data/stmnlstion 1:006£0.009 etk 350 Integrated luminosity Signal + V+jets yield 2.3(2.:6)
2017 S, 5t
QCD normalization Background yield 50
5PT < 0.43 % i ;
Data 80.8 = 0.4 (stat) 7.7 + 0.4 (stat) 0.060 = 0.006 (stat) W-i:)e ts norma?lza?:lon Ba.ckgrf)und yield 20
Simulation 82.2 + 0.3 (stat) 7.1 +0.3 (stat) 0.070 + 0.005 (stat) Z+]ets normalization Mlgratlon 20
Data /simulation 0.983 £ 0.007 (stat+syst) 1.08 £0.08(stat+syst) 0.96 +0.12(stat+syst) PDFs Slgnal s /m_ ¢ mean and Wldth (l
1 e
S-S Jet energy scale Signal m; mean 2
Data 0.935 + 0.006 (stat) / luti S ) dth
Simulation 0.932 = 0.005 (stat) Jet energy resolution Signal nz; wi 5
Data /simulation 1.003 =+ 0.008 (stat+syst) ]et mass Scale Slgnal i V+jets N,; Mean 9
Jet mass resolution Signal + V+jets nj; width 8
a5 13 TeV 13Tev  QCD HERWIG++ QCD shape —
B [ T R T
L = s TrEpeT G TG . D MADGRAPH+PYTHIA8 D shape —
[ C.MS . zZ >ww Z tcms i QC' s QCD i P
Simulation Gy 2 WW 0ASF o iation o —ww 1 prvariations QCD shape —
I W wz I o Scale variations QCD shape ==
H — W' Wz
[ HPHP category Guu 22 High-m]-Et turn-on QCD shape —
1 0.1 | py variations V+jets m;; shape —
7 005
O- AAAANANINS\ 0

3000 4000 5000
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" 200
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https://arxiv.org/abs/1906.05977

Events /2 GeV

Data-fit

X— VV 2016+2017
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https://arxiv.org/abs/1906.05977

WYV with 2D JHEP 05 (2018) 088

Background estimation -
igna

Signal peaks in both my,y and myg,
Psig (M, Mjee|6(My)) = Py (myyy 165 (My)) XP; (Mgt |62 (My)) ,J\
« Fit both dimensions :
H My m
double crystal-ball functions, for LP additional exponential is used for my, mass tail
« Interpolate using polynomials as a function of the resonance mass hypothesis (My)
Non-resonant
Non-resonant background: W+jets
Conditional probability of my,, as function of m,:
M m

PW+jets(mWVr mjet) = Pyy (MyyMjer, 01)XPj (Mt |67)

« Pyy templates created using kernel method starting from patrticle level, clustering as for
reconstructed jets

« Determine scale and resolution as function of true jet p; (encode uncertainties by varying
those)

« Populate templates as sums of 2D gaussian templates in bins of my,

« Smoothen mWYV from 2.5 TeV as function of mWV fitting exponential from 2 TeV to avoid
empty bins

Moriond 2018 Electroweak Sessions 4 Huang Huang huanghuang@cern.ch
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https://arxiv.org/abs/1802.09407

WYV with 2D JHEP 05 (2018) 088

Background estimation

Resonant background: W+V

Resonant
Conditional probability of my,, as function of m:

PW+V(mWVumjet|0) = Pyy (mwv|91)XPj (mjet|92 (mwy))

« Pyytemplates created using kernel method as for W+jets (1D) >

« Smoothen my,, from 1.2 TeV as function of my,, fitting exponential

« my template described by W and top mass peaks

359113 TeV) 359113 TeV)
BBAREERRC

T T T T T

> E! 3 >
8 600 muon, high-purity —] 8 10*-Cms muon, high-purity
o C { Data ] ) | Data
~ 500 R W+Va 3 N [ [ W+ets
HP muon 27 F [ Wists ] 91 [ W=Vt
2 400 B Bkg. shape unc. 5 Bl Bkg. shapa unc.
wF — G, 2 Tev)+WW & — G, [2Tev)»WW
E — Wi2Tevy-Wwz 3 107 ; — W2 Tev)=WZ
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200 -
100F- = 1Al
arXiv:1802.09407 : 3 \H""'”hll\|||||\H|\|\|%i
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https://arxiv.org/abs/1802.09407

Di-boson 2016 combination Submitted to PLB

Table 1: Summary of the main selections that guarantee the exclusivity between individual final
states. The symbol ¢ represents an electron or a muon; 7 leptons are considered separately. The
AK4 b jets are additional b tagged AK4 jets that do not geometrically overlap with AKS jets.
The symbol “—” implies that no selection is applied.

Ref. Channel Final state  / Tn, AKS8jets AKS jet mass AK4 b jets

[l WW,WZz 7z qqqq veto — 2 2 [myy, niz| —
2] WZ,ZZ vvqq veto veto 1 ny veto
3] WW, WZ (Uqﬂ 1 — 1 m; shape / [y, mz] veto
@] WZ,Z2Z tlqq 2 — 1 ny —
5] 27 vy 2 e s o o ) el ™
7 g £ & = - 2
el WH, ZH qqbb veto veto 2 [y, mz], my — g s 2 S g g S 2§
o = S d B R
7 ZH vvbb 0 veto 1 m veto g u s 8 g g i g |
e - g Z E 2 ¢ ¢85 % g § g8 E
7] WH {vbb 1 veto 1 My veto e o h: i : < 2= = b; = —; i
T Bkg. modeling no shape — f f f
m ZH ( Ibb 2 veto 1 ’”H - Bkg. normalization no yield 2-30% f b f b b f b b b b
H& WH, ZH qqrTT « (7] 1 [”lw, "’z] veto Jet energy scale ) yes y?eld, shape 12% s s sb s — s s s s —
AL Jet energy resolution  yes yield, shape 3-7% s s s,b s s 8 8§ 8
|_B] HH TTbb == 2 1 My veto Jet mass scale yes yield migr 1-36% s s sb s — s s s s
T idm — LY - Jet mass resolution yes yield, migr. 525% s s sb s — s s s s —
l‘B] 212 bl_)blz 2 2 My Jet triggers yes yield -15% s — — — — s — — 5 —
ﬂiﬁ] HH bbbb = — 1 My 2 e,y id., iso., trigger yes yield, shape 13% — — s s sb — s s — sb
[@] ‘1, 1 e, jt scale and res. yes yield, shape 1-6% — — s s sb — s — — s,b
- - - - T}, reco,, id., iso. yes yield 6-13% — s — — — — s s — —
[IZU] 44 2 —_ —_ —_ —_ T}, energy scale yes yield, shape 15% — — — — — — — s — —
Ty, high-pr extr. yes yield, shape 18-30% — — — — — — — s —
piss scale and res. yes yield 12% — s s — sb — s s — sb
piss triggers yes yield 12% — s — — — s s —
b quark identification yes yield, migr 19% — s sb — — s s s s —
T, identification yes yield, migr. 1133% s s sb s — s — s s
T high-pr extr. yes yield, migr. 2-40% s s sb s — s — s s
my, selection yes yield 6% - - — — — s s s s —
Pileup yes yield 12% s s — s — s s s s sb
Luminosity yes yield 25% s s s s igb s s s 8§ igb
PDF and QCD accept. yes yield 2% s — s s sb s s s s —
PDF and QCD norm.  yes yield 2-78% t t t t tb t t t t tb



https://arxiv.org/abs/1906.00057

Future: combination

e In 2016, both ATLAS and CMS neglected non-narrow interpretations
e  One of the most common questions at workshops and conferences
e A rigorous treatment is complex and time-consuming (interference effects, ....)

e Proposal for a “feasible” scan of the width:
o  Preferably use parametric signal shapes (convenient because parameter interpolation)

. . . . . . . The flexibility of the HVT model can be used to probe “extreme” scenarios:
Convolute signal PDF with a Breit-Wigner function with 0% width S ! B '

(o]
o  Thewidth can be set externally (e.g. by a line in the datacard with combine) to any value 1. Model A: “SM-like” V' production through qq’, decay predominantly toqq’ or II
o Asingle set of datacards can be used for multiple widths 2. Model B: boson-enhanced couplings, production through qq, decay to VV and VH
o All parameters set to constant, and relaxed only if necessary (e.g. fit non-narrow bumps) 3. Model C: fermiophobic V', produced through VBF, decay to VV and VH
Breit-Wigner (natural width) Gaussian or CB (exp. res.) Final signal model 4 'Mpdellir V' couple predominantly tethind eenerationuarksandlentans
£ g
i., L :"' - Model C and D not in the original HVT paper, defined by us (experimentalists)
t Al
A A
ol 05|
i w r
ol 218
00
L 001
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Alberto Zucchetta
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DeepAKS8

Future: Deep AKS8

» Deep AKS8 takes advantage of this additional information

» Includes particle and detector-level

quantities (tracking, vertex formation)

» Individual jet constituents as inputs

» Uses convolutional NNs to take advantage of

nearby correlations

Inclusive particles

features

Earticles, ordered by 57
Charged particles (Tracks)

features

tracks, ordered by S

Secondary Vertices

features
Gl

“SVs, ordered by S

CMS-DP-2017-049
10.1007/JHEP10(2017)005 ( Many Output
categories!
Category Label
H (bb)
Higgs H (cc)
H (VWW*—qqqq)
top (bcq)
Top top (bqq)
top (bc)
top (bq)
FU"y W (cq)
connected W W (qq)
Z (bb)
(I layer, z Z (cc)
512 units, [ ik Z (@a)
relu- QCD (bb)
activation, QCD (cc)
dropout QcD QCD (b)
=0.2) QCD (0)
QCD (others)

(13 TeV)

-

QCD multijet efficiency
]

=y
<
N

107k
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| Simulation Preliminary
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- Top vs QCD multijet
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