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Outline

o Motivation

» 'Fat jet' algorithms in ATLAS

» Why implement just another one?
@ The algorithm:

» Lorentz invariant
Infinite cone

Automatic pileup/UE subtraction
No need for grooming of the reconstructed jet

v VvYyy

@ Results:
» Tests on W' — WZ MC: signal efficiency vs. background rejection is
~50% vs. 1/1.5% for 350 < p¥ < 500 GeV, |yw| < 4.8
> Tests on tt data (13 TeV, ~ 1/fb)

@ Summary

As presented at Jet substructure and jet tagging meeting on Dec, 17:
https://indico.cern.ch/event/446073/
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Motivation

@ No need to reproduce arguments in favour of reconstruction of boosted W /Z/H
as a single ‘fat’ jet
@ A number of state-of-the-art ‘fat jet' algorithms are routinely used in ATLAS (for
exotics, high mass VV production, etc.). A typical chain includes jet reconstruction
with a wide cone, removal of soft components from UE, ISR, pileup (grooming)
and construction of jet structure variables to discriminate between the two cases:
» color-neutral massive state — qq — fat jet and
» colored combination of partons — fat jet
@ The existing algorithms typically involve several free parameters optimized on a
case-by-case basis ( cf., e.g., CERN-PH-EP-2015-204 ):
> cone size R ~ 1 of the intital C/A or AntiKt jet
> cone Ry ~ 0.15 — 0.3 to find subjets in the fat jet, four ~ O(5%) to remove

sub et

soft constituents with 2

< feur (trimming)

> Rey and zey in pruning drop softer constituent in a pair-wise reclustering if
(2)
PT
AR > Rcut or (1+2 < Zeut

> momentum balance y12 and mass-drop fraction w12 in split-filtering,

, (1) m(2) . . C
Ve = %AR]Q Hi2 = % while declustering the initial

C/A jet, drop lower mass constituent if \/y12 < \/Vmin OF f12 > fimax


https://cds.cern.ch/record/2038719

Motivation: why implement one more algorithm?
@ Reconstruction of color neutral X — jets must be Lorentz invariant:
> an interference between radiation off initial X — qg legs and off other
color-disconnected legs is suppressed
» properties of the hadronic final state in color neutral X — qg depend
only on mx and its polarization, there's no dependence on p7(X)
» = no fixed cone, use only invariant combinations of objects’ momenta
to form the metrics for pair-wise object merging
@ Unrelated soft components (UE, pileup) are to be rejected in
course of jet reconstruction:
» compare probability of occasional combination of two objects with the
probability to produce them by splitting a single parent ~ ¢ — qg,
g —~ 88,849
o Clustering history should follow the shower history
» use known QCD splitting kernels as the metrics
o Eliminate the need for grooming on top of reconstruction, just use
structure variables like D, to discriminate between W/Z/H — qg and
the QCD background

@ Minimize the number of free parameters
@ Shouldn’t be too sophisticated, process specific and CPU consuming as shower
deconstuction algorithms using global event topology (cf., e.g., ATLAS-CONF-2014-003
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The algorithm

@ Starting from CaloCalTopoClusters with ES“ > 0.5, 1, 2 GeV and || < 4.8

@ Information from Inner Detector is not used, except for the number of type=1,3
vertices to estimate the pileup in the given event

. . . - PSS .
@ 4-momenta of incoming partons estimated from Y5 and ¥5¢ also participate
in the clusterisation (roughly speaking, to classify a part of the hadronic state as
an ISR).

@ For each pair of objects (single clusters or already merged clusters), a probability
of occasional combination weoms (when at least one of the objects comes from
pileup+UE with the known density estimated from Ny1,3 and hence with the
known probability wy for the given cluster to originate from pileup+UE) is
compared to a probability w,.q to obtain this pair by splitting a common parent. If
Weomb > Wrad then the pair is ignored, otherwise the pair is added to the list of
candidates for merging. The pair with a maximum w;.q weight is merged and
assigned a probability to come from signal ws = 1—probability to come from
pileup+UE from the pair’s constituent with a maximum ws (ws calculation details
are on the next slide).

@ Objects with 4-momentum Q such that \/|Q?| > Qmax = const - My, where
const = 0.1 — 1 is a free parameter, are excluded from further merging (|Q?| is
used instead of a mass as incoming partons also undergo mergings with final state
objects which give Q* < 0.)
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The algorithm: pileup estimate
Density of topoclusters from pileup can be estimated for the known Ny 3.

Nth173 =25 The normalization is clusters per (pr,7n) bin per event Nth173 =5
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The distribution does not scale linearly with Nyu1,3 and thus must be measured directly
in MinBias events for each N, 3. For pileup estimation in the given event, it's
convenient to divide ¢ plane into four sectors:

@ One centered in ¢ at the maximum of E7 density, ¢o = 3 p$“¢ / S pS and

clus clus
with the half-width ~ leading jet ¢ half-width:
Ao - 00 = £ p#(0% - 6 | £ o

clus clus

@ The rest of ¢ space is divided in three equal bins.
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The algorithm: pileup vs. signal probabilities

Given an expected value b of pileup/UE clusters in (Apt, An, A¢) bin, actually
finding there n > 1 clusters implies a modified probability for a single cluster to
originate from pileup/UE:

bl+b+..b"1/(n—1)!

n 1+b+..b7/nl

and hence the probability to originate from the signal ws = 1 — w;,. A probability
of an occasional combination of two objects (1) and (2), Weomp =1 — ( ) (2),
has to be compared with the probability to obtain (1) a (2) by splitting a
common parent with 4-momentum Q = p(M) + p(® (cf. well known QCD splitting
kernels, ):

Wp =

as(@?)  » Q pPAPY | o) AGD

n
2 2
pS @ Q o

If Wyag < Weomp then skip the (1)+(2) pair, otherwise add the pair to the list of
candidates for merging with a weight w,.q.

C is an unknown color factor (Ca for g — gg, Cr for g — qg ...) which has to be
considered as a second free parameter of the algorithm as we ignore different
color combinations. In what follows C is fixed so that % -C=0.1.
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The algorithm: step by step
@ Prepare a list of objects to merge: CaloCalTopoClusters + the two incoming
partons with 4-momenta estimated from 3" and £5°
@ Define (pr,n, ¢) binning to have a meaningful probability, ws, for any cluster to
originate from pileup, given the known N1 3 in the event
© Load pileup (pr,n, ¢) density collected in MinBias events with the same Nyua 3
@ Assign wy, and ws = 1 — w;, to each cluster as explained on the previous slide.

@ For each pair of objects:

@ Find a probability of occasional combination of objects (1) and (2), i.e. that
at least one of them comes from pileup/UE, Weomp =1 — wwl?

@ Find a probability w4 to split a hypothetic common parent into objects (1)
and (2), see the previous slide.

O If Wrad < Weomb g0 to the next pair, else add (1)+(2) pair to the list of
candidates for merging with a weight wi,q

@ Merge the pair (1)+(2) with a maximum w,.q weight (if it exists) into a single
object, assign to the latter a probability to come from the signal
we = max[w!?, w!?]; otherwise, there’s nothing to merge, STOP.

@ f |Q%.2)[""* > Qe then the merged object is considered a reconstructed jet and
excluded from further mergings (if (1) stems from an incoming parton then freeze
(2) as an ISR jet and vice versa)

@ if any unfrozen objects remain, go to ’5’; STOP otherwise.
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MC tests: W' — Z(upu)W(— hadrons), My, = 1 TeV

%) F - 12
= = : 2 [ :
5 E | —Signal T o | —Signal
-é E Ve T g o C Ve 2 g aag
< E ! c [ :
E —=Z+Cpr a0 g_" = t—Z4+C 00
F 1 i [ H
;_ ' —ZstQpnzm r ' —Z+”d59pmm
E E - - -BB%: signal a E - --BB8% signal
E range r range
=
20 40 60 80 100 120 20 40 60 80 100 120
M, [GeV] M, [GeV]

Signal: W/(1TeV) — Z(up)W(qg) with truth W: 350 < p¥ < 500 GeV,
mc15_13TeV.302221.MadGraphPythia8EvtGen_A14NNPDF23LO_HVT_Agvl_VcWZ_11qq_m1000

Background: Z + jets, truth Z: 280 < p% < 500 GeV
mc15_13TeV.361%.Sherpa_CT10_Zmumu_Pt280_500_{CVetoBVeto,CFilterBVeto,BFilter}
Reco. selection: STACO p'u~ with pr > 20 GeV, || < 2.47, 71 < M,,,, < 111 GeV;
max. pr Jet, 350 < p7 < 500 GeV, |y,| < 4.8



MC tests: W/(1TeV) — ZW, subjet kinematics

Upon M, cut retaining 68% of the signal:
] o F
"::.., — Signal "::, 05 I_ — Signal
fel Z4B,r.200 o E Z4+br 200
< —Z+Cr 00 < 0.4:— —Z4C 100
—Zeudsg F —Zsudsg_ .,
0.3r
0.2F
0.1
E I I I I I I
Cb 0102030405060.7080.9 1 Cb 0.10203040506070809 1
eff
stubjetE}rpTZ RJ
Step back: decluster fat jet into two subjets > pSs AR(clus, J)
it was built from, use min[piffb’.et/pJT] > 0.1 Reff = MW’
to discriminate between QCD di-jets and di-jets G’ T
from longitudinally polarized W not informative after M, cut
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(wta)

MC tests: W/(1TeV) — ZW, ¢V, DM, 7!

2 = 0.45

s — Signal s — Signal

g — b, : —Z4B,r 00

= : Z 035 i
—Z+c —Z4C 700

aTu280
_Za;udsgPmm

_Z+udsgpmfm

Less informative
subjet

after p>”¢* /p7 cut.

subjet J
010203040506070809 1 1 15 2 25 3 35 4 > w/o p /p7 cut

G, D,
04 Still use
2% 2 wta wta
5 — Signal g — Signal T2 /Tl < 0'37 to
g A g A further suppress
< 0.25 — 2t <0 — et QCD  background.
0.2] —Z*“ds%mm —Z*”ds%mm =

e
w0

00 0.10203040506070809 1
T/, e/ gta
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MC tests: W/(1TeV) — ZW, all cuts

Before substructure cuts:

With all cuts:

- 12 )
£ b 255
— + —Signal ~—u
— 10 ' -
w Ve Z4b oay [5]
< R =
c H c0.4
g : — 2+t g"’
L _Z+udsgpr_‘2£ LIJO q

-6B%: signal
range

2

— Signal
Zeb

oTa280

—Z*‘Cpnzm

- Z+ud59pr~2g

- --BB% signal
range

20 40 60 80 100 120 20 40 60 80 100 120
M, [GeV] M, [GeV]
1
Cutflow= | — sowe
For signal selection F
efficiency € = 50% one [ [
has ~ 60-fold background e
rejection. o2
7ZMM&W/Juum ' pTJ, ¥, ' M, 68% ’ stumm/pTz ’ Hj“f tﬁ’?
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MC tests: W/(1TeV) — ZW vs. Z + jets with reweighted Z and jet spectrum

Reco. selections: 350 < p7 < 500 GeV, |y’| < 1.2 No cuts:
to compare with ATLAS results

CERN-PH-EP-2015-204 —signa
£ 0.00f L0085 ? 1t
S opf —Snal S ook 5 —ZeCram
g o7 g 0,085 s —Zijets |
008F "X .05 56% signal
00k — 20 range
0.04F
0.04F
0.03- 003
0,025 0.02-
0.01F 0.01F
. : 20 40 60 80 100 120
q 100 200 300 400 500 600 700 100 200 300 400 500 600 700 M_] [Gev]
meAh J [GeV] pTz[GEV]
- With structure cuts:
Cut flow: background rejection = 100%/1.6% for
50% signal efficiency » Cf. 50/50 for groomed jets @ .250 ‘
5 F | — signal
1 8 ooF | zeb,
E — Signal € = 50.1:1.8% k] 0.2 Z e
08— ——QCD = 1.620.0% 3 —Eram
F 0.15F —Zijets ]
06— r --68% signal
C [ 01 ange
osF- z
= 0.05F
02 t
0 E . } %720 %0 60 80 100 120
Zu8WH Ty, m68%  pT T, A i M, [GeV]
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MC tests: W' — Z(upu)W(— hadrons), My, = 500 GeV

w = o ~

= ; 250 :

5 r | — Signal - r | — Signal

) - H — L H

fel L Z+br_aa o N Z+br aen

<L S H c L H
. F—Z4+C 700 g_-’ [ =2+
[ ' ] L L : .
L ;—ZHEtspr.zao _ ;—ZHEtspr.gao
N i - -B8% signal N - --68% signal
[ range N range

20 40 60 80 100 120 20 40 60 80 100 120
M, [GeV] M, [GeV]

Signal: W/(500GeV) — Z(upu)W(qq) with truth W: 200 < p¥ < 250 GeV,
mc15_13TeV.302216.MadGraphPythia8EvtGen_A14NNPDF23LO_HVT_Agvl_VcWZ_11qq_m0500
Background: Z + jets, truth Z: p% < 280 GeV
mc15_13TeV.361%.Sherpa_CT10_Zmumu_Pt140_280_{CVetoBVeto,CFilterBVeto,BFilter}
Reco. selection: STACO pu~ with pr > 20 GeV, || < 2.47, 71 < M,,,, < 111 GeV;
max. pr Jet, 200 < ph < 250 GeV., |y,| < 4.8




MC tests: W’/(500GeV) — ZW, subjet kinematics

Upon M, cut retaining 68% of the signal:
2 £ 0.6F
£ 5 F —Signal
'é 'E 0'5:_ Z+br 200
< < 0|4f_ —Z4C,r 20
E —Z*‘jm"‘pmm
0.3r
0.2F
0.1
I _- I I I I I I
Cb 0102030405060.7080.9 1 f‘b 0.10203040506070809 1
eff
stubjetE}rpTZ RJ
Step back: decluster fat jet into two subjets S pSs AR(clus, J)
. built f . subjet ; _J 0.2 RefT _ clus r '
it was built from, use mm[pT. . /p7] > 0. § =
to discriminate between QCD di-jets and di-jets G’ T
from longitudinally polarized W not informative after M, cut
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1 1 wta
MC tests: W’'(500GeV) — zW, iV, DM, {w2)
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MC tests: W/(500GeV) — ZW, all cuts

Before substructure cuts: With all cuts:
"o 5OF : : o : ;
- 1 1 — Signal — 1 1 — Signal
- [ : H —o50 E !
o 40 : Zab w T : Zeb 7 g
S t ; : S T ; ;
g_" F H =24 am g_" al H t—ZC 7m0
@ gof | {74 o | N
N : :_Z+JEtspT-\2m F : :_Z+JEtspT-\2m
r : ' ---B8% signal 1 5:_ ' - --B8% signal
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C Iy
0.5F

&=

20 40 60 80 100 120 20 40 60 80 100 120
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Unresolved fat jet selection is inefficient for such
a low M(W’). In a good portion of events the .
leading ‘fat’ jet is just one of ‘thin’ jets from o
W — jj or, even worse, its combination with a 0.
partially reconstructed second thin jet giving an o

oLy, M68%  pT__JT, R o

intermediate mass. (@ b P - -
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Raw fat jet selection:

8OO +

tt 13 TeV data, L ~ 1.4/fb

Evenls

MV2¢20> —0.5;
ST ESlo > 300 GeV
(using a customized EX0T11 derivation)

@ Data&MC selection:
wk: pteone20/ph < 0.01, cos(Bh, E!,'-’is) > 0.6, .
|,—7»/-;/— + E$,s‘ > 50 GeV' 0 20 40 60 80 100 120 140 160 NLB[%ESIO
> 1 AntiKt4EMTopoJets: pjﬁt > 20 GeV, MV2c20> —0.44; with 0.6 < Dél) <10

i Walight
@ Data preselection: g =:+z
=1 pt: p”-;— > 20 GeV, |0t < 2.47, ptconeQO/p‘-;— < 0.2; E .u+
> 1 AntiKt4EMTopoJets: pi’ > 20 GeV, /| < 2.5, i + b 2ors

Leading fat jet: p3 > 150 GeV, |y’| < 4.8 .
i Walight
@ MC samples: " . i
i Wie
W + jets: 3
mc15_13TeV.361%.Sherpa_CT10_Wmunu_Pt{0...500}_{CVetoBVeto, 140 .W+h
CFilterBVeto,BFilter} 120 | U
t: 100 + Data 2015

mc15_13TeV.410000.PowhegPythiaEvtGen_P2012_ttbar_hdamp172p5 80

_nonallhad 0
@ Selections were not optimised, still W — Jet peak sitting on

a combinatorial background from tt is visible =

» Dy’ and AR(J, b — jet) cuts

20 40 &0 B0 100 120 140 160 180 200
M, [GeV)
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Sensitivity t0 Qpmax (follow-up to the jet substructure meeting)

ttbar MC, m(leading J), p::_ > 150 GeV, |y|<4.8 ttbar MC, m(leading J), pi > 150 GeV, |y’|<4.8
a8 F 2 F
< = S F
2 2200 = 80F
< 200p No struct. cuts b D, cut
180 £
1605 T Qe =05 M, s — Q. =05M,
ok — Qe =15M, g — Q= 1.5M,,
[l - 50— —
12k Q. =3.0M, s Q=30 M,
1001 4t
80F 30
8o¢ 20
40 E
200 o
P =P A PP RN ARSI O B HE L e
0 60 80 100 120 140 180 180 200 0 100 120 140 180 180 200
m, [GeV] m, [GeV]

Do we really need Qmax < my, where m; ~ M(W,Z, H, top, ...) is the mass we
are targeting? From it follows that a fat jet with mass m; is
merged from its two sub-jets carrying x o fractions of jet momentum if

X1 2pT > \—fe” ¥ where /3 and Yo are the mass and the rapidity of the hard
final state. For lower p7 or xi» the softer subjet is merged with the beam.
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Can we reconstruct t-quark as a single jet? (Qmax = 3Mw)
Yes, if 2

m
Xsubjet1,2 P%‘ Z = L

StEX
where subjet; 5 is either W or b-jet and yy is the rapidity of ttX system in
the laboratory frame.

ttbar MC, p] > 150 GeV, ly’| < 4.8

eyt_yo ,

ttbar MC, p., > 200 GeV, |y’ < 4.8

Pl IR BTN A e b b
40 60 80 100 120 140 160 180 200 0
M, [GeV]

ol b by by b by s by Py b
20 40 60 80 100 120 140 160 180 200 0
M, [GeV]

Larger maximum on the plots is W, in case t — Wb remains resolved.
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Can we reconstruct t-quark as a single jet? (continued)

ttbar MC, p;. > 300 GeV, ly’| < 4.8 ttbar MC, py. > 400 GeV, Iy < 4.8

8F 08F
= 0.6
4 04 0.01
E 02 0.005
iju oo L b L by L L G:\I\‘\\\‘\\IIII\‘\\\‘\\IIII\‘\\\‘\\\IIII 0
0 20 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200

M, [GeV] M, [GeV]

3-particle correlator @25 can discriminate between W — jj and
t — Wb — 3;j decays at p¥vort ~ m; (see previous slide).
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Can we reconstruct t-quark as a single jet? (DATA)

Data, pi > 200 GeV, |y < 4.8 Data, pi > 400 GeV, |y’ < 4.8

D,

0.4

02
sl b b s by b b g by
20 40 60 80 100 120 140 160 180 200

M, [GeV]

i I RTE AAT sl e b b
20 40 60 80 100 120 140 160 180 200
M, [GeV]

o

0

D:’I
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Summary

@ Jet reconstruction algorithm with an infinite cone and ‘in-flight’
pileup/UE subtraction gives reasonable results for boosted W — jets
(Mw/pY¥ < 1) without grooming.

o For W' — ZW, 350 < p¥ < 500 GeV, |yw| < 4.8 the algorithm +
73"t /71" cut yields 50% signal efficiency and QCD background
rejection rate ~ 60, comparable to C/A R =1.0,1.2 + grooming +
substructure tagging used in ATLAS (cf. CERN-PH-EP-2015-204)

o The algorithm was also tested on tt — W*bWTh — (vbbJ
'2015 data

@ The algorithm is suitable for reconstruction of boosted t as well, if
supplemented by D, discrimination.

@ The results are very preliminary.

Any feedback would be highly appreciated, thank you!
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Backup

Oleg Zenin (IHEP, Protvino, Russia) 24 / 38



Metrics at Q2% ~ 1GeV??

@ Can one apply the QCD-motivated metrics at Q% ~ 1 GeV? i.e., more generally, to
clusters rather than to “microjets” well separated in momentum space?

@ The microjects must be constructed using a reasonable pileup/UE-proof algorithm
which doesn’t merge soft clusters at distances greater than the average distance
between two pileup/UE clusters in the event, AR > (Nf,’ff;rUE/An . 27r)1/2

@ Two objects with 4-momenta p and k (let k° ~ 1GeV < p°, AR(p, k) = R)
coalesce if AK® 7R2 dNPY

KR? 2r ~ M akodQ

dNFPY

dkodQ

Z NPU

AK°TR?

C
Nl ~ xs(p k°R2)[ ]

= as(p’k°R%) = 27p k°R?
as(p’k°R?)
:> [
2 in 7R2
Let's freeze as for Q% < 1GeV2 at agf""vzs(lGeVQ) ~ 1 50 that as < l at any @
= one needs NPU‘ RS 4 to merge the clusters rather then treat the pair as a
random PU+UE induced combination. In other words, if one expects < 1 PU4UE
clusters in the given phase-space around a harder cluster but still finds a softer
cluster there, then the two clusters are merged (and the combination is discarded
otherwise) = The metrics is stable w.r.t. PU+UE and can be applied ‘as is’ for
clusterisation of soft/collinear objects.

Oleg Zenin (IHEP, Protvino, Russia) 25 / 38




MC tests: W/(1TeV) — ZW, pileup stability

a2 F . o 02p .
= 0 1'85_ E—Signal =] 0-13;_ — Signal
_E' ’ E_ E _Z+bp'|':~2!0 .E 0-16:_ —Z*‘bpnzm
< E_ i —Z+C 1 o0 < 0'145_ —Z4C i ong
E_ : _Z+Ud59pr.~2m E _destnzm
f— - - -6B% signal E_ - -68% signal
E range E range
40 60 80 100 120 20 40 60 80 100 120
M, [GeV] M, [GeV]
=15 VS. w>20, i~25
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MC tests: W/(500GeV) — ZW, leading fat jet pr

2 0.0?:— 2Lo.08F

= E — Signal =] 0 0?5_ — Signal
5008 i
E 0.06
< 0.05F < E
s 0.05F
0.04F E
E 0.04F
0.03¢ 0.03F
0.021- 0.02F
0.01F 0.010

100 200 300 400 500 600 700 % 100 200 300 400 500 600 700
pTJ[GeV] pTJ[GEV]
=15 VS. w>20, i~25
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MC tests: W’/(500GeV) — ZW, subjet kinematics vs PU

1% )
= =
s —Signal s — Signal
g —Zab re} —Zsbyran
< <
—Z4Corm —Z4Cr00
—Zeudsg,, L, —Zeudsg,

010203040506070808 1 010203040506070809 1

stubjelz/pTZ pT!.ubJetZ/pTZ
£ £ oef
S 05k —signal s — signal
s —Zab & 05 24D
< o4b —Ze < 04k — 2
—Zewdsg,, —Zeudsg_,,
0.3 0.3
0.2 0.2
0.1 0.1
% 0.10203040506070808 1 % 010203040506070809 1
off off
R, R,

=15 VS. w>20, i ~25
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W/ (500GeV) — zw, ¢V, DY, {4

0.

w
=
c
S
o
=
<

— Signal

—Zab

—Z*Dpram

_Zﬁel.;pmm

010203040506070809

C

2

0.5

Arb. units

0.4

0.3

0.2

0.1

[b 010203040506070809

Oleg Zenin (IHEP, Protvi

— Signal

—Zab

—Z*Dpram

_Zﬁel.;pmm

1
/T,

Arb. units

Arb. units

(wta) subjet ; _J
w/o p77 /p cut
0.6
—Signal
0.5 b
04b —Z*’Spram
_Z+jevspmm

0.3

0.2

0.1

15 2 25 3 35 4

DZ
0.5F
—Signal
04f Ty
—Z+c

T260

_Zﬂeu:pr 0

00 0.10203040506070809 1
TR Ty

29 / 38



€signal VS- €QCD bkg: 350 < pT(J) < 500 GeV
(CERN-PH-EP-2015-204 )

-a ATLAS Simulation Internal
:;8 Vs=8TeV Jet 4-momentum not calibrated
w MM <1.2 , 350 < p:'“"‘ <500 GeV , M Cut
~
— ceen oD
with anti-k, R=1.0 jets
Trimmed (Icm=5%,Hsub=0.2)
102 I—C
Gy With anti-k, R=1.0 jets
"""" Dy Trimmed (f =5%,R_ =0.3)
cut sub
—_— e
(B=1)
SRR . .
gy With C/A R=1.0 jets
"""" D, Pruned (R_,=0.5,Z_ =0.15)
v o
10 | 2
o= with C/A R=1.2 jets
2 Split-Filtered (u=1 ,Hsub=0.8,y'i"=15%)
— 1'21
< back to main slide
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https://cds.cern.ch/record/2038719

MC tests: W/(500GeV) — ZW, pileup stability

20257 . a .

= [ 1 — Signal =] E — Signal

q:-e C 2B q:-e E 2D 7 g
r : —Z+Crm0 0.2 :— —Z+Crm
L E _ZHIEtspr.zm E _Z+jEtspr.2m
[ i - -68% signal T - - BE% signal
L range F range

20 40 60 80 100 120 20 40 60 80 100 120
M, [GeV] M, [GeV]
=15 VS. w>20, i~25
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MC tests: W/(500GeV) — ZW, leading fat jet pr

L2014 Lo.14f
5 0.123— — Signal 5 0 12:_ — Signal
£ L Z4br mn L7 Zabr n
< ot —Z4C g < ot —Z4C 7
0.08:— _ZHIEtspr.zm 0.03:— _Z+jEtspr.2m
0.06- 0.06F
0.04F 0.04f
0.02F 0.02F
L J— N F _ S N 1
Cb 100 200 300 400 500 600 700 Cb 100 200 300 400 500 600 700
pTJ[GeV] pTJ[GeV]
=15 VS. w>20, i~25
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MC tests: W’/(500GeV) — ZW, subjet kinematics vs PU

£ 04 £ o4
s —Signal s 0.35] — Signal
509 R g . T
< 03 T < U 24,1
0.25 ~zujets 025 ™
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W/ (500GeV) — zw, ¢V, DY, {4
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W'(500GeV) — ZW, relaxed fat jet selection

At generator level: 200 < p¥ < 250 GeV, no yy cut. Poor pL and m’

Relaxed cuts at reco. level: 150 < p{— < 300 GeV, |yy| < 4.8 resolution:
Before structure cuts: After structure cuts: -
8
@ - 9024 =
E 333 | —Signal €0.22 'E 100)
. : g

. 02
g 02 240700 S04
<018 [ < 80|
0.16] | 0.16}
0.14 [t 0.14
0.12) 0.12
68% signal 60)
0.1 Tange 0.4 L
0.08 0.08 F
0.06 0.06) 0l
004 0.04
0.02) 0.02

20

40 60 80 100 120 20 40 60 80 100 1 2

M, [GeV] M, [GeV]

100 120 140 160 180 200 220 240 260 0

8 : 2 : reco p! [GeV]
hdo | —signal E= | —signal
[ ° 2401 1
%’120 % £ y —— Signal & = 45.3:1.3%
200l — 24 @ —Ztam ——QCD = 24:02%
i ; Jin} }
50 — 2ty 4 et
se% signal 6% signal |
60 range ange
2
40/
‘ R
20 [

WS pT_lpT, AT e

M, [GeV] M, [GeV]

Cut flow
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min[p?’bjet/pJT] can't discriminate between W — jj

and QCD background unlike W/ — ZW case due to 0
mixed W polarization in tt

tt 13 TeV data vs MC, E9a g
£
- 0. +W+|:
structure variables HIWN
o. +
@ 0.25] tome
E E
;o.m_— Wilight
g C
0.1z T
E +wsb
0.1
C +“ O 102 0s 04 05 7 0. el
o.08f =+ Data ’
E Welight
R + Wi
02 web
; +n
0.15F +Data
ST P R PR P P N P E
0 02 04 06 08 1 12 14 16 18 2 01
D, () r
005F

TRRTE RTETI RETEE FRETE FRETY IFET] RTTNl ARl Rl e
03 04 05 06 07 08 09 1
min pT{subjet)/pT(J)

o
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t7 13 TeV, 0.6 < DY < 1 and AR(J, b — jet) > 1 cuts

@ 50
2T
a2 T Walight
a0l W wie
C B wab
: L
30—
C + pata 2015
20—
10|~
% 20 40 60 80 100 120 140 160 180 200
M, [GeV]
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D, definition
Ecro(B) =1
Ecri(8) =) pri
Ecra(B8) =) _ pripTi(ARy)”
Ecrs(B) = Y pripTipTi(AR;ARKARy)”
i) = Ecra(8)/Ecr(B)?
") = Ecr3(8)/Ecr(0)°
Déﬁ) _ eéﬁ)/(eéﬁ))"’

< Back to main slide
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Reconstructed t mass vs. myyp, (1 < Dz < 1.6 cut applied)

ttbar MC, p; >150 GeV, |y’ < 4.8 ttbar MC, p; >200 GeV, |y < 4.8

M, e » [GeV]

M, e » [GeV]

60 80 100 120 140 160 180 200

60 80 100 120 140 160 180 200
M, [GeV]

M, [GeV]

ttbar MC, ;. > 300 GeV, |y’ < 4.8 ttbar MC, pl. > 400 GeV, |y’ < 4.8

M, e » [GeV]

S
8
M, e » [GeV]

o

80 100 120 140 160 180 200

80 100 120 140 160 180 200
M, [GeV]

M, [GeV]
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