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Motivation

- At high p_, heavy objects

which decay hadronically are 5 2.2

difficult to distinguish from =3 12
background jets. > e

- The internal structure of a jet 1.4
gives us useful tools for 12
testing QCD and for 0_;
searches for new physics. 06
0.4

- Several of these tools have
been validated with 2011
data, and many are currently

0.2

being validated with data

from 2012.
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Why is JMS Important?

- Many exotic models predict g T T T T T
heavy particles which decay to 5 | fn?,-'gfcﬁ jots with R=1.0 Jra-azm: s=7TeV ]
tops, Ws, and Zs E\“/: 51 ;g;ninzg‘(i 6(_)(()) g5eva|_<003)8 .

° Data 2011

- Jetmass is a very good 4i I Diets (POWHEGH Pythia) .
discriminating variable — need oo Dijets (Herwige+) ]
good handle on JMS! 3F e {

- . _

- How can we measure it? Use S s & ,_
ratio of track jet mass to calo jet :

Mass. ~ o e e ._':

. Inner detector and calorimeter 5 8;8iﬁii_,_jil'jj'ﬁf'fjjlj'jﬁ'fljjﬁj_'fjjlﬁﬁfﬁfffff'if'ffﬁﬁ'f?f?';‘."f'fffif#fffﬁ%fﬁ’ffﬁji.?iiii'ﬁ‘ﬁ'i'?‘ﬁ'ﬁ.'fifff';fﬁ
have uncorrelated uncertainties & 0 50 100 150 200 250 300 350
— probe detector modeling Jet mass [GeV]
effects. 5-8% uncertainty

ATLAS-PERF-2012-02 (arXiv:1306.4945)
Recently accepted by JHEP
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2011 Results
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Validation of Jet Mass Scale
ATLAS-PERF-2012-02 (arXiv:1306.4945)
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Fit signal (W jets) + background (after subtracting W+jets, multijet).
Extract mean W jet mass: p,,. =87.4 GeV, y,__=386.9 GeV.
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Validation of Jet Mass Scale
ATLAS-PERF-2012-02 (arXiv:1306.4945)
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= " C/ALCW jets with R=1.2 . = C anti-k, LCW jets with R=1.0 .
= g1 .08 Filtered wthhtspzot.67 ~- Binned scale 7] \1}91 .08 Iiiltered withﬁ:so.67 ~8- Binned scale .
5‘-81 06; p, >200 GeV ~—— Overall scale _f 3‘81 065_ P, >200 GeV —— Overall scale _f
1.04 - 1.04F =
1.021- - 1.02 # =
- = — i -
1: ! —T—I ) + ] 15 l ° .
0.98 — 0.98( ]
0.96F Fitered C/AR=1.2 1 %9°F Filtered anti-k R = 1.0 E
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Perform the same analysis in jet |n| bins
No significant discrepancy between data and MC for W jets
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2012 Results
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Jet Mass Ratios

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/JetEtmissApproved2013Jms

)

-— — ' ' ' ' I ' ' ' ' —]
. s ATLAS Preliminary =e= Data 2012 .
y-aX|S: g £ 4| antik LCW jets with R=1.0 --m-- Pythia8 dijets —
~ — Trimmed (fout=0.05, R,,,=0-3) aoaene Herwig++ dijets ]
mjet, 35 - 500 <p*" <600 GeV, Inl <0.8 Vs=8TeV, [Ldt=20.31b" E
m _ T .
average Tirack jet — mtra,ck jet - .. ]
S .- J ]
- et mass ]
2508 * 4 s : -
L - '-"'.."-_'l__ --i--.’ -
- R BT TF ThAT I8 o TN AN B ]
o iR
. j L I I . I N t
. . . . g 1.1 ;_-"." .................................................................. ‘A ............................. _;
J MS unce rtalnty dete rmlnatlon ) £ g 5:.".'.A:'.-.t'.“.'!:'.-.t-;"i!i'f";!"."fi..".":::l':‘ii&-.i-.—i':ﬁv‘h—h;‘.‘.:;:-.t:- T S =
= S S e
. m ~ 09 ;_ ..................................................................................................................... e _;
5Pythia/Herwig — abS( track jet 1) 0 100 200 300 400
Otrack = maX[(SPythiaa 6Herwig] Jet mass [GeV]

5tracking efficiency — 0.027

Otrack merging — 0.02

2

_ 2 2
€tot — \/5tra.ck + 5tracking eff + 5track merging
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Jet Mass Ratios

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/JetEtmissApproved2013Jms

S F IATILAIS Fl’reiimilnarly == Data 2012 ]
. e 8 — anti-k, LCW jets with R=1.0 -l ia8 diiets |
Why Jet m/pT? < * E Trimmed (fcujt=0.05, R,,,=0-3) e ?:rr\:vi;ijditjets Bl
. — 500 <p <600 GeV, Inl <0.8 Vs=8TeV, [Ldt=203 1" _:
— less susceptible to JES s ” i
— each bin covers a N Jet mass/p.,. -
broad range of jet masses - -
25— —
~ SRy i
and p,s. 2}_ R WA St
, _ _ e B Ero e e i
JMS uncertainty determination: £ |
- 0 0.2 0.4 0.6 0.8 1
5Pythia/Herwig = abs( track jet — 1) Jet mass/p_
Otrack = maxldPythiaa 5Herwig]
(5tracking efficiency — 0.027
5track merging — 0.02
€tot = \/égrack + 5gracking eff + 6t2rack merging
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Jet Mass Ratios

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/JetEtmissApproved2013Jms

S F IATILAIS Fl’reiimilnarly == Data 2012 ]
. e 8 — anti-k, LCW jets with R=1.0 -l ia8 diiets |
Why Jet m/pT? < * E Trimmed (fcujt=0.05, R,,,=0-3) e ?:rr\:vi;ijditjets Bl
) L 500 <p™ <600 GeV, Inl <0.8 Vs=8TeV, [Ldt=2031b" B
— less susceptible to JES a5 .
— each bin covers a N Jet mass/p., -
broad range of jet masses - -
and p.s. S E
Pr E TR e A
, L. Y e roas el ROt SO S
JMS uncertainty determination: £ - > | -
- 0 0.2 0.4 0.6 0.8 1
5Pythia/HerWig = abs( track jet — 1) Jet mass/pT
5track — max[dPythiaa 5Herwig]
5tracking efficiency — 0.027 For a tOp-jet with
Otrack merging — 0.02 P; = 500 GeV, the
JMS uncertainty is 4-5%
€tot = \/5grack + 5t?racking off T 5t?rack merging

12
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Substructure Studies
with Top Jets

- Q: Does MC model
substructure variables;
well in an interesting
use case--top jets?

Events / 10 Ge

- Q: How do
substructure variables
perform if not all
decay products are
contained? Does MC
model this well?

BOOST 2013 Flagstaft, AZ
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[ Trimmed (f_=0.05,R_ =0.3) —e— Data 2011 .
190 P} 2350 GeV I B
N [ ] W+jets ]
100 :_ + [ Z+jets —:
s - Single Top ]
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ATLAS-PERF-2012-02
(arXiv:1306.4945)
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.
Substructure Studies

with Top Jets

Q: Does MC model substructure o
variables well in an interesting use
case--top jets?

u+jets decay channel with a b-
tagged jet to obtain a top-enriched
sample

Q: How do substructure variables
perform if not all decay products are
contained? Does MC model this
well?

Event with a fully-contained top jet:

Spt”t MG e‘_’er.‘ttﬁ ]L”TIO two . + All three daughters within AR < 1.0
categories. with Tuy-containe of truth top, before radiation

and non-contained top jets . Plots for highest p__ jet, not

Study substructure as a function necessarily the top jet
of number of k subjets
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u+jets Event Selection

One triggered muon with - Atleast one trimmed anti-k,
p.>25GeV, |n|<2.5, and R=1.0 jet

relative miniisolation < 0.05 -OR -

E,ms +m" >60 GeV - Atleast one C/A R=1.5 jet which
One b-tagged anti-k, R = 0.4 jet passes HEPTopTagger selection
within AR < 1.5 of the selected - Both cases: p; >200 GeV and
muon In| < 1.2

leptonic

hadronic
top

top

muon

"anti-kt R=1.0
C/AR=1.5

Chris Pollard Duke University 15
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Jet Mass

ATLAS-CONF-2013-084

lIIII|IIII|IIIIIIIIIIII|IIII|III

Clear peaks at m , (non-contained),
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—e— Data 2012

[ ttbar (with contained top)
(] ttbar (non-contained top)
[ W+jets

I Single Top

Z+jets

= Statistical uncertainty

ATLAS Preliminary

Ldt=20.3fb", \'s =8 TeV
anti-k, R=1.0, Trimmed
pT>500 GeV, ihl<1.2

p,> 500 GeV

Mass [GeV]
m. (fully-contained).
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Jet Mass (n, )

> 400 T -n_,.. aftertrimming
0] 350F- ATLAS Simulation Preliminary 3 subjets ) ) ) o
2“7 [La-203w ve-amey Bsubet - Expect distributions to be sensitive to
=~ [ Trimmed 'etpr>200 GeV, |n|<1.2 1
_§ 300; | ] B2 subjets ] fcut (005) and Rsub (03)
e r 3 subj - . . .
& 9% = i ubots - Top jets with three subjets have
200 E clear peak at m..
150F E - At high p. even two-subjet jets peak at m..
1005_ pT > 200 GeV_f
505 _E 60_IIII|IIII|IIII|IIII]IIII|IIII|]IIIIIII
: - - ATLAS Simulation Preliminary

00 50 100 150 200 250 300 350 400

[ 4+ subjets
20

!

>

©

O

S 50 j Ldt=203fb", VS=8TeV

Mass [GeV] ~ Trimmed jet p. >500 GeV, [n|<1.2 Bl 1 subjet

7)) .
>250|||||||||||||||||||||||||||||| |||||||| ] -8 40 .ZSUbJ'etS
& ATLAS Simulation Preliminary - E [} 3 subjets
= Ldt=203fb", VS=8TeV ) . 4+ subijets
= 200 Timmed jetp >350 GeV, [n|<1.2 Il 1 subjet ] 30 . )
3 @2 subjets -
Z 150 [ 3 subjets _:

i 10
p; > 350 GeV-
_ 00 50 100 150 200 250 300 350 400
Mass [GeV]

IIIIIIIlIIIlIlIlllIIIIIIIIIIl

IIIIIIIIIIIIIIIIIIIIIIII

P PR
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Mass [GeV]  ATLAS-CONF-2013-084
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Jet Mass (n

- Nice peak at top mass in 3 subjet bin and

subjets)

at W mass in 2 subjet bin.
- Backgrounds mostly in 1 subjet bin.
- Recall: JMS uncertainty 4-5%

%400:I II|IIII|IIII|IIII|III|
O C ATLAS Preliminary
o 350 ILdt=20.3rb‘.\f§=aTev =
- anti-k, R=1.0, Trimmed =
» 300 p,>350 GeV. j<1.2 3
g 5 Data 2012 ]
-— ttbar (with contained top) 1
ﬁ 250 % ssirjgar::n-contained tos)) g
200 o '
Statistical uncertainty
1504 —
< 220¢
100 subjets E 8 200 -
50 3 -
3 L | | | | | . 9 180F
% 50 100 150 200 250 300 350 400 . 160
Mass [GeV] o =
— -
€ 140
>350_ll||]IIIllllll]llll[lllllllll]llllllll_ m :
3 - ATLAS Preliminary ] 120F
o 300 ILdl=20.3m'.\f§=878V ] -
S soons 100F
Q 250 —e— Data 2012 ] =
= r + [ ttbar (with contained top) 80 —
Llc.l 200 C % txl)ir_(r:on—contained top) ] -
E (| giqgie Top E 60 -
C +ets ] L
150 atistical uncertainty -
- _ ; I 40
- subjets - B —
1001 - 20
501 = _
C == I E 00
%50 100 150 200 250 300 350 400
ATLAS-CONF-2013-084 Mass [GeV]

BOOST 2013 Flagstaft, AZ

IIIIIIIIIIIIIIIIIll]IIIIIIIIIIIIIIIIIII

50 100 150
All plots: p_ > 350 GeV

Chris Pollard Duke University

ATLAS Preliminary

det=20.3fb‘. \E =8 TeV
anti-k, R=1.0, Trimmed
pT>350 GeV, n|<1.2

—&— Data 2012
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(] tibar {non-contained top)
CJ W+jets

I Single Top

) Z+jets

i Statistical uncertainty

n =3

subjets

llllllllIll||ll|IllllllllIlllllllllllllllll
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k, Splitting Scales

ATLAS-PERF-2012-02
(arXiv:1306.4945)

k. splitting scales are

T T T I T T T I T T T | T T T
- ATLAS Simulation

| T T | T T I T T

G/A LCW jets, 600 < p*' < 800 GeV E

-------------- Ungroomed Z'— tt  —
....... Ungroomed Dijets A
— Trimmed Z'— tt -
—— Trimmed Dijets ]

determined by reclustering £ o
jet constituents using the k, "'
Igorithm 5 %%
alg ~ 005"

) \/CZJ = min(pr;, prj) X AR;j 0.04]

. Subjets in the last step of 003 |
clustering correspond to 0.02]
d.,, those in the second-to- o' !
last to d_,, etc. o0 t

. d,, ~ (m/2)

BOOST 2013 Flagstaft, AZ
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k, Splitting Scales

ATLAS-CONF-2013-084

> 700 IIIIIIIIIIIIIIIIIIIIIIIIIIIII]IIIIII]_ > 70_|||I|||IllllIII||II|III|III|III|II|[|||_
8 & ATLAS Preliminary 8 - ATLAS Simulation Preliminary .
o 600F Ldt=203M", \E=8TeV — 0 60__J-Ldl=2031b". V5= 8TeV .
= . Z"i‘;';?;ljﬁ:';‘“ ] @ C Trimmedijetp 350 GeV. <12 — 1 Subjet ]
3 500¢ —e— Data 2012 = = S0F /2 """ 2 subjets
= soof S 5 o —3subets
W 400 O W +jets - 40m N mll e 4+ subjets
C ey Single Top 7 N T

C Z+ets ] C ]

300 = tatistical uncertainty b 30 N -
200 1, L \/d— - 20F \/ d E

] T 12 3 g 12 -

100 2 10F 2 .

% 20 40 60 80 100 120140 160 180 200 052040 60 80 100 120140160 180 200

\[d,, [GeV] \/d,, [GeV]
Only fully contained top events

>1000_ T T T T T T I T T T I T T T | T T T | T T ™ % 50:||||||||||||||||||||||ll|||||||||||||||||||| IIII:
8 9005 ATLAS Preliminary ® 45F ATLAS Simulation Preliminary E
< E Ldt=203M" VE=8TeV ] N E | Ldt=2031", vS=8TeV ]
~ 800F anti-k, R=1.0, Trimmed — > 40 = Trimmed Jot p_>350 BV, pj<1.2 —_ Subjet 3
8 _f p,>380 Gel. <12 E 2 . f T 2 subjets
£ 700F —e— Data 2012 ] = 35 m /2 J E
ﬁ E [ ttbar (with conta_ined top) J w 30 - W —23 SUbjetS e
6008 % ssf:eirjg;:n»comamed top) ; IIIIIIIII 4+ SUbjetS E
500 Snge e g 25 E
4 0 O Z_ i Statistical uncertainty 3 20 : _:
300F E 150 Li \/d 3
200% = 10g: | 23 3
st ey A
O 20 001020 30 40 50 60 70 80 90 100

\[d,, [GeV] \/d,; [GeV]
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N-subjettiness

" ATLAS-PERF-2012-02
- N-subjettiness (T, (arX|v 1306. 4945)

(7)) 01_ T T T T T T
_Corresponds to how wella £ ook ATLAS Simulation o
jet can be described as > oo Mk LOWiets, 600 5 <800 Gev
o s 0.08f ... N E
containing N or fewer k. Z o7~ Ungroomed Dits .. E
. < E —— Tri N o .
subjets. 0067 — TimmedDies & 3 -

- Ratios (1,/T,,) are denoted

LINTYE

- Ratios particularly useful

for QCD discrimination 0 R N )
0O 02 04 06 08 1 12
N-subjettiness 1,
TN Z pri X min(AR 1k, ARy, ..., ARNk) - -
do 3 subjet-like
dO—ZPTkXR (B=1)
BOOST 2013 Flagstaff, AZ Chris Pollard Duke University 21




N-subjettiness

ATLAS-CONF-2013-084

('o\] : T T [ T T T [ T T T [ T T T [ T T T [ T 71 : g 60_ T T [ T T T [ T T T [ T T T [ T 11 L ]
o 500 ATLAS Preliminary === [BRC0E  nedion) S [ ATLAS Simulation Preliminary .
g Lo Seiens ] g SOF Jrammsa e .
= 4005 p,>350 GeV, fnf<1.2 iiqgle Top ] 2 [ Trimmed jet p >350 GeV, [nl<1.2 1 subjet ]
+ets - o H T
uc_l C St;tistical uncertainty ] T - . " 2 SUbjetS 1
w40k . —
- ] - — 3 subjets .
3001 7 A | | B “REE 4+ subjets 1
- ] 301 E
200 - - ]
C ] 20 =
100 C __ N ]
: : 10 __ R __
o ] S .
0= = — S L - e ]
0 0%g 04 06 08 1 12 % 02 04 06 08 1 12
iat_li 21 . T
2 subjet-like Only fully contained top events 2!
g T T T I T T T I T T T I T T T I T T T I T T T g 50 E T T T ] T T T I T T T ] T T T I T T T | T T T B
o 500 ATLAS Preliminary = o e contained top) - oS 45F ATLAS Simulation Preliminary =
; L I'—dl =203 \s=8TeV ttbar (non-contained top) ; - J- Ldt=2031", VS=8TeV ]
g : Z":;ZORG:;?'J:';“ — gn;:ztiop : GC) 40 C Trimmed jet p,>350 GeV. nj<1.2 T 1 SUbJ et E
< 400"~ B Z+ets 7 c 35 2 subjets 3
Ll B Statistical uncertainty ] L C R ]
C ] 30E — 3 subjets 7
300:_ —: O | || I 4+ subjets ]
. ] 25F =
200 . 20E E
: ] 15F T
100F = 10F 32 1
0 At - - 0 rad i o~ P B ._ aalal ]
0 02404 06 08 1 12 0 02 04 06 08 1 12
1 T
3 subjet-like 32 T32
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HEP TopTagger

- HTT algorithm identifies the hard substructure of a
C/A jet and tests it for compatibility with top decay pattern.
- C/AR=1.5 jets with p_> 200 GeV

- 3 main steps in procedure:

1) Undo C/A clustering until Szu)b-getrslj ;?Jrrgb(i)rggetggsf (;)rf 3
m. < m__or no clustering J

. . compatibility with a
history (substructure objects) hadronic to)[/) quark decay

parameter | default value | tight loose 3) Apply kinematic cuts,
Myt 50 GeV | 30 GeV | 70 GeV | e.g. W-mass window cut.
REa 0.3 0.2 0.5
Nﬁlt 5 4 7
fw +15% +10% | +20% ATLAS-CONF-2013-084
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HEP TopTagger

Z+Jets

o
o
T

g 1600_—' L DL L L L I—_
3‘ 1400;-[ L dt = 20.3 fb’1 A"_'l;_ADsatal:;;162!ir.ninal,-y_f ATLAS'CON F'201 3'084
Q C _ I ] . .
.8 1200'_ s=8TeVv e 53&2?;;—0'3 . C/A R= 1 . 5 Jets Wlth pT > 200 Gev
-8 :_ |:|Z Jets _: \
8% s : after W—pv preselection and
X 800F (s
g ; default HEPTopTagger criteria
mW/mt S 600 1%:3 plagg
> 400F > C 1 I | - I ]
200F 3 - ATLAS Preliminary : .
C | <t 500 _ -1 ]
%' S L dt=20.3 b :
MM § 400/~ {5 = 8 TeV ]
700?] L dt = 20.3 fb” A”J‘Df,ifl'm'”ary § 300 é ;D‘Vaté t2 - E
C - +lets -
600; E =8 TeV E Single Top { | Single Top ]
5 -
Q. ]
c E

Top Quark Candidates / 0.05
IS

lllllllllllllllllllllllll

ooi— g

300;— m13/m12) 100

200 g

1007 E 00 30 60 90 120 150 180 210240
NN . ]
0 02040608 1 1214 16 1.8 Top Quark Candidate Mass [GeV]

arctan(m13/m12)
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Top Tagger Comparison

We studied top jet efficiency vs rejection for a variety of top “taggers.”
Cuts on jet mass, k-splitting scales, N-subjettiness
HEPTopTagger

Preselection:

Truth-level C/A R=1.2 jet and anti-k, R=1.0 jet with p_> 150 GeV and
In| <1.2

Corresponding AR-matched reconstructed C/A and anti-k  jets with
p, > 550 GeV

Reconstructed C/A and anti-k jets within AR < 0.75
Signal jets from 1.75 TeV Z' — tt
Background jets from dijet with leading anti-k 0.6 jet 500 < p_ <1000 GeV

Efficiency/rejection curves derived on a jet-by-jet basis, not event-by-event.

HTT not optimized for C/A 1.2 jets and p > 550 GeV!

BOOST 2013 Flagstaff, AZ Chris Pollard Duke University 25




tagging rejection

—
o
N

10

Top Tagger Comparison

ATLAS Slmulatlon Prehmmary
/s =

8 TeV

0.6 0.8 1
tagging efficiency

Chris Pollard Duke University

> <o g X <400 r e «

HTT (tight)

HTT (default)

HTT (loose)

Vd—u & N-subjettiness tagger VI
mit & Vde & ths tight tagger V
m* &\d,, & Vd; tagger IV

m* &\d_, tagger Ill

|et

tagger Il

Vd_u tagger |

tagger Vl: 7, scan

tagger V: \( d,, scan

trimmed mass scan

ATLAS-CONF-2013-084

T4, SCaN
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Top Taggers

e substructure tagger I: Vdi2 > 40 GeV

e substructure tagger II: trimmed anti-k, R = 1.0 mass m'®* > 100 GeV

e substructure tagger III: m'** > 100 GeV, Vd1» > 40 GeV.

e substructure tagger [V: m'®* > 100 GeV, Vd;> > 40 GeV, Vd>; > 10 GeV
e substructure tagger V: m®* > 100 GeV, vd;, > 40 GeV, Vdo; > 20 GeV
e substructure tagger VI: Vdi2 > 40 GeV, 0.4 < 121 < 0.9, T3 < 0.65
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tagging rejection

—
o
N

10

Top Tagger Comparison

'fffff:Jffffffffff!ffffffffff:fffffffff:fffffffff:fffffffff.'ffffffffff'ffffffffff?fffffffff?ffffffff HTT (tight)
'\ ATLAS Simulation Preliminary | HTT (detault| | HEP Top Tagger
\E = 8 TeV HTT (loose)

\ d,, & N-subjettiness tagger Vi
m* &\d, & ths tight tagger V
mie! &\[d12 &\ d,, tagger IV

m* &\d_, tagger Ill

|et

tagger Il

Vd_u tagger |

tagger Vl: 7, scan

> <o g X 40 @ <
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a . o
'~ 2
P, 2 \\ .............. \QA T v'd—nscan
[ SUNRRL SUSS A
e it e P .................... P L .“ - N ; ’: trimmed mass scan
: : . . '~ A
. : . . ~, N
1 1 1 I 1 l 1 l 1 S| - 132 scan ATLAS'CON F'201 3'084

0 0.2 0.4 0.6 0.8 1

tagging efficiency
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Top Tagger Comparison

HTT (tight)

HTT (default)

ATLAS Slmulatlon Prehmmary
\s =8 TeV

HTT (loose)

\ d,, & N-subjettiness tagger Vi
m* &\d, & ths tight tagger V
mie! &\[d12 &\ d,, tagger IV

m* &\d_, tagger Ill

|et

—
o
N

tagging rejection

tagger Il .
Used in current

\d,; tagger | I+jets resonance
tagger VI: 7, scan search

"SR BN taggel’ V'Vd_23 scan

> <ol 140> 0 «

10

trimmed mass scan

25640 AT| AS-CONF-2013-084

0 0.2 0.4 0.6 0.8 1
tagging efficiency
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Top Tagger Comparison

HTT (tight)
HTT (default)| | HEP Top Tagger

HTT (loose)

\s=8TeV

'IIIZI.’IZIIIIIIII!IIﬁIIIIZII.IIZIIIIII.IIIIIZIII.IIIIIIIZI.}IIIIIIIII'IIIIIIZIIIIIIIIZIIIZTIIIIIII:
E """""""" 'ATLAS Simulation Prehmmary

\ d,, & N-subjettiness tagger Vi
m* &\d, & ths tight tagger V
mk! & v d, &\ d,, tagger IV

m* &\d_, tagger Ill

|et

—
o
N

tagging rejection

tagger Il .
Used in current

\d,; tagger | I+jets resonance
tagger VI: 1,, scan search

= =1 = tagger V:\[d_23 scan

‘[><>z:]:x}»<][]>.<

10

trimmed mass scan
R R S R SRR Tt "wSeaN  AT| AS-CONF-2013-084
0 0.2 0.4 0.6 0.8 1
tagging efficiency
We have a wide variety of taggers available for different analyses!
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Conclusion and Outlook

- Jet mass, k. splitting scales, and N-subjettiness have
been studied on the full 2012 ATLAS dataset.

- There is good agreement between data and MC in a
sample enriched in top quarks from the 2012 data.

- These substructure variables have been incorporated
iInto current analyses, and new variables are being
studied and validated!

- We have derived detailed systematic uncertainties
using different techniques and commissioned these
techniques for physics.
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N
Mass-drop filtering: step 1

ATLAS-PERF-2012-02
(arXiv:1306.4945)

- Undo last stage of B
C/A clustering and o N
: > Np©
order subjets by mass AT =
* Require:
. -
° mjl/m.]e < ,uffra,c
: JIN2 (22
min|(p o,
0l P L AR2 s

(mjet)?. J

- Discard jet otherwise

34
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Mass-drop Filtering: step 2

ATLAS-PERF-2012-02
(arXiv:1306.4945)

- J,and j, are reclustered using the C/A algorithm with
radius parameter

Rgx = min[0.3, AR}, j,/2]
- All but the three hardest subjets are discarded.
- This allows for a two-body decay + radiation in the jet

-
\\\\\\\
4 ~

¢\ O A O\\
/ 5°)}
—> o e\ o/ | —>
“\ O O /
\\\ C ,I,
ey , AR;, j, , ,
Initial jet Ry = min[0.3, —5*] Filtered jet
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-
Trimming

-------
- ~
L7 S

-~ s
'\. -
-

i, jet . .
Initial jet p’T/p';’ < feut Trimmed jet

- Recluster the jet using the k algorithm with R
parameter R__ .

- Any subjet whose p_is less than f_ times the

jet's total p is removed.
ATLAS-PERF-2012-02

(arXiv:1306.4945)
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Jet Grooming

ATLAS-PERF-2012-02
(arXiv:1306.4945)

_.‘B 0_1 8 T 1T T I T T T I T T T I T T T T I T T T T T T _.‘2 0_1 8 [ T T T | T T T | T T T T | T T T 1 T T T T T T i
'c - ATLAS Simulation 7 'c - ATLAS Simulation i
> 016_ jet ] > 016__ : jet ]
> - anti-k, LCW jets, 600 < p, <800 GeV ] > - GC/ALCW jets, 600 < p; <800 GeV .
C0.14F s 1 S0.14f 5
= S s T Ungroomed Z— qq - = e Ungroomed Z— qq -
o I B B Ungroomed Dijets ] o C e Ungroomed Dijets ]
< 0.12¢ — TrimmedZ>qg 4 < 0.12¢ — Filtered Z> q§ 1
- —— Trimmed Dijets 1 - —— Filtered Dijets -
- ] - Z — qq filtering efficiency: 55%
0.08] - 0.08] A9 TS yoRR
0.06[ 3 0.061- -
0.04F : 0.04F -
0.02]- s 0.02 " =
% 5 200 250 500 % 550 200 250 300
et mass [GeV] Jet mass [GeV]

One é|uark removed -
by grooming Clear Z peak!
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.
Jet Mass

Data/MC Comparison

x10° x10°
-.(2 :lllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII: -.(2 70__IIlllllllllllllllllllllllllllllllll__
L 70-ATLAS det=4.7fb'1 s=7Tevd 2 - ATLAS det=4.7 o \s =7 TeV 7
Ks) - anti-k, LCW jets with R=1.0 ’ ] I - anti-k, LCW jets with R=1.0 ’ ]
N 60F No jet grooming - o 60:_ fou=0.05, R_,=0.3 B
8 - 600 < p‘f‘ <800 GeV, | < 0.8 | 8 50: 600 < p’ft <800 GeV, | < 0.8 .
C L Data 2011 ] n ® Data 2011 ~
g 50: ------ C_TEREE Dﬁe?s (Pythia) ] % MENELEETE C_TERLE Diajle?s (Pythia) ]
=z 402_ ------------ A Dijets (POWHEG+Pythia) E =Z 40F A Dijets (POWHEG+Pythia) ]
Foo LATEIE Dijets (Herwig++) . o Viminin Dijets (Herwig++) .
30+ e - 30 ¥y -
205_ Re Trimming - :
10; z3
o 1.4} O 1.4}
2 13 2 13-
o 08 - Pl g 08" :
- 0.6 Lol b b b b by pede E 0.6
8 0 50 100 150 200 250 300 350 A 0 50 100 150 200 250 300 350

Jet mass [GeV] Jet mass [GeV]

ATLAS-PERF-2012-02
(arXiv:1306.4945)
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Jet Mass

Data/MC Comparison

x10° x10°
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ATLAS-PERF-2012-02
(arXiv:1306.4945)
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Splitting Scale Vd,,
Data/MC Comparison
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N-subjettiness

Data/MC Comparison
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Jet p. Spectrum

ATLAS-CONF-2013-084
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Jet Mass (<u> and NPV)

ATLAS-CONF-2013-084
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Data and MC in ~good agreement

Chris Pollard Duke University
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Jet Mass (n, )

ATLAS-CONF-2013-084
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N-subjettiness

ATLAS-CONF-2013-084
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subjets
ATLAS-CONF-2013-084
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HEP Top Tagger

ATLAS-PERF-2012-02
(arXiv:1306.4945)
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Jet Mass (<u> and NPV)
HEP TopTagger
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