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Evolution of jet substructure  *JCJ|

elell- bhenomenoliod

The potential of this paradigm has been amply demonstrated:

v Boosted W
2 Vector boson scattering, Butterworth, Cox and Forshaw, Phys. Rev. D65:096014 (2002)

“4A new method for identifying hadronically decayving W bosons 1s introduced,
which we expect to be useful more generally in the identification of
hadronically decaving massive particles which have energy large compared to
their mass”

2 See also paper by Cui, Han, Schwartz paper, arXiv:1012.2077[hep-ph]

“‘Boosted Higgs, in particular light H - bb
* WH, Butterworth, Davison, Rubin, Salam, Phys. Rev. Lett.
100:242001 (2008) " 180

1

“ We conclude that subjet techniques have the g ( ) ' V”|
. . T 160_8 B—5.9 N
- - Jd
potential to transform the high-pT WH,ZH (H bh ) in 112-198GeV

channel into one of the best channels for discovery of %140__

a low mass Standard Medel Higgs at the LHCY '(."120‘
* ZH, Soper, Spannowsksy, JHEP 1008:029 (2010) e F
« ttH, Plehn, Salam, Spannowsky, Phys. Rev. Lett. 104 (2010) .EWD:

o0
- - - u I
Full-simulation by experiments: i
% Boosted W: CERN-OPEN-2008-020, arXiv:0901:0512 [hep-ex], a0t
CSIC| pages 262 and pages 1769) 20L
[®F Boosted Higgs: ATL-PHYS-PUB-2009-088, CERN-THESIS-2010-027 ANNRN
L G326 40 60 80 100120 140 160 180 0
Mass (GeV)
&
BOOST2011, Princeton, May 2011
----- ® >

A New Hope
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Evolution of jet substructure  *JCJ|

Some taggers and jet-substructure observables

Jet Declustering

Seymour93

YSplitter Jet Shapes

Matrix-Element \
Mass-DmmFlIIer

ATLASTopTagger

J I-ITopTagger —— Planar Flow
Templates :
N-jettiness
CMSTopTagger\ Pruning \ /
Trimming ' | CoM N-subjettiness (Kim) ACE
HEPTopTagger T\. ist
(+d lpularlty] N-subjettiness (TvT)
| |
Shower Deconstruction Multi-variate tagger
Qjets

apologies for omitted taggers, arguable links, etc.

Gavin Salam (CERN/Princeton/CNRS) Boost Theory Summary Boost 2012-07-27

-=--- ® >
The Bang
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Evolution of jet substructure  *JCJ|

applications of substructure

Aug. 22, 2014 44

Many new analysis arriving in the past year! Nikos

Badder

Bonnie

Christoph | |Kevin

Those discussed this year...

VLQs in T or Y#3 — Wb (pair production)
T — tH (pair production), all-hadronic
W —tb

T3 — Wt (pair production)

T —tH, tZ, Wb (pair production)

b’ — bH (pair production)

ttbar differential cross-section
Zbb
inclusive boosted W/Z (dijets)

W —qqqq
WV — v qg
2N — |l gq

Danielo

Andreas

Raffaele | | Trisha

VH(— bb) (SM)
HH — bbbb
HH — bbyy

mono-W/Z and invisible Higgs

ttbar resonances (all-hadronic)
ttbar resonances (semi-leptonic)

direct stop pair search (OL and 1L)

+ many unfolded measurements!

Will focus on the boosted regime and what methods are being used
(based on a biased/low stats sampling of the questions asked to the speakers)

Nhan Tran. Boost2014

o— >
Consolidation
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This talk ﬁ' IC'

Focus on contributions to the consolidation of jet substructure

- Top tagging performance
A full information observable
- Application of jet-substructure

Search for new physics

- Taken from:
ATLAS-CONF-2014-003
NG thesis

----- T —
Consolidation
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Basics of jet reconstruction  *[JCJ|

* Finite granularity

* Understanding the detector is the key
to realise new ideas in data

\ Particle Jet Energy depositions
P in calorimeters

<« Correct for detector effects

T T T T T T T T T T

—
N

o M L B B A B -

-~ N . . ] &) 1-4_| I T T T | T I T T T T I T T T T | T I_
S - ATLAS Simulation Internal  /s=8TeV 1 g - ATLAS Simulation Internal ~ /s=8Tev ]
O 2__ microjets Pythia8 J o - microjets Pythia8 -
@ 2L inclusive 4 9 12 inclusive _
2 N.G.thesis4 C N.G. thesis |
(@) I~ O _ (4] B i
3 1 8e%%a 5&%gm@!iugﬁga-gggwsﬁugaﬂgngg“ﬁgaxgégggﬂa__ n E
o C o o oo ] ch, B . 5, w%ﬁ@i?gﬁﬁ@@@%;; NG ]
A - 1 ., L #BE11e i & fiaids
Alotmore 5 9% ST E oteggatt R et B
- LlJ ~ T et L _
IS needed =, 065 1w i o “ ]
e Yo 1 V06 —
Le - gen energy bins [GeV] 1 @ - gen energy bins [GeV] ]
- " o [20,40) = [40,80)  » [80, 150) ey - ] .
B %4 ishoso) - sshsoo) - [soo.i000) | & 04& ROl %égb?gém A
G 0 2_. ‘ E1909, .26.3)| D .[2?3.) [ BT = - [1000 263) o [2e3) ]

I R e T

microjetn. . i i

microjetn .

* Account for data to simulation differences
* Uncertainties estimation
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An example of jet substructure

“UCL

low fatjet mass fatjet mass = W-boson fatjet mass = top-quark
low subjet multiplicity two hard subjets three hard subjets
hard core + soft subjets partially contained top-quark fully contained top-quark

NV

. ATLAS CONF- 2014 003

> 1000, ATLAS Prellmlnary - 3
(D 1400 :—% —— Data tin, <3 _:
o 1200 :_/ [ Jtfng.=3, Xsp(Pass) [ ] w+ets =
B - O £ 1 2 3, 1, (fal) Part. Syst. 7
; 1000 [ Other backgrounds —
T 8001 . E
g-J - ILdt=14.2fb -
1) 600 =
- /s =8 TeV .

400 =

Data/MC

0 50 100 150 200 250
Composite jet mass [GeV]

/
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A full information observable ﬁ' IC'

Shower deconstruction
* all possible combinations of subjets are considered
* subjets are combined according to signal (top) and background (QCD) hypothesis
* each combination (shower history) is assigned a weight
* weight uses ME and Sudakov factors
* observable ysp given by the ratio of the total signal to background probabilities

—E— LT 1T 11 | | I | | L | 1T T 1 | 1T T 1 | 1T 11 | 1T 1T 1T_]
— ATLAS Preliminary Simulation = Anti-k, R =1.0 7]
29— - » Calorimeter clusters ]
[~ £ — tl event,m,. = 1.75 TeV Subiets. CIA R = 0.3 7
— ~ _ ubjets, =0. -
2 M bjet |
| M Top radiation .
= M ISR -
1.5— —
.1_ —
0.5 —
: ATLAS-CONF—2014—OO3: ATLAS-CONF-2014-003
oLt 11 L1 AR T T T T T AN Y O A MO OO O
-1 -0.5 0 .5 1 1.5 2 2.5

i many more combinations are possible i
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A full information observable ﬁ' IC'

Shower deconstruction

* still feasible after detector effects
* good description of the observable by the simulation

- ATLAS-CONF-2014-003 — ATLAS-CONF-2014-003

= FT T T T T T T T T _ ET T 1 T T 7T =
o 0-35 ATLAS Preliminary E 8 0.2 ATLAS Preliminary SEE
)] = . = = 7
= 03¢ ILdt= 14.2 1" - Data [ weiets g 0.18; ILdt= 142" ——
E = i 7] Part. Syst. - = 016 —
-?. 025__ = |:|tt v -] = = = -
2 C /s =8 Tev [ other backgrounds ] 2 0'145_ /s =8Tev E
g 02:_ XSD(paSS) , — -lg 0125_ %SD(DESS) _E
g 0.1 = 7 = 2 0'1:_ =
5 > Z477" ] g 0.08 -+ Data =
3 0.1 A1 = c 0065  [JPythiaDiets =
i = . 3 g 0.04F E
0.05F ., iz = S - :

- A . S 0.02F =

Q ' - Q15[ ]
= = [ O N Sy S S SN
T S I i s R S SRR SIS SAT S
© ®© 0.5 , -
0 o .10 -8 6 4 =2 0 2 4
log(x,)
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A full information observable ﬁ' IC'

Shower deconstruction
* still feasible after detector effects
* good description of the observable by the simulation
* best background rejection over a wide range of signal efficiency
* ideal for final states with huge QCD backgrounds

ATLAS-CONF-2014-003

= T T T T T T T - T - T |- T -| T T ' HTT (t|ght)
= ATLAS Preliminary Simulation @ HTT (default

;_ ...... _

e fs=8Tev T & HIT oose)
¥ : : :

L

-
o
(€5
|

----8D

tagging rejection

O ‘Jd_u & N-subjettiness tagger VI
1 02 % 7 om™" & |J'dT;_. & Y/d,, tight tagger V
- mnom* & ‘J'd_u & |/d, tagger IV
i """" & om™ & ‘Jd_u tagger |l
‘; .................. S U S o m* tagger I
e B T PP —
\ | | | | v {d,, tagger |
Bt TP : : .
10 —- R T : : __|— tagger VI: 1, scan
- e tagger V- I"d—zsscan
o “TJamen {d,, scan
_ .................................. ......................... 'r..,h- ..... ¥ ‘»l_" '&-h;;— ...... Vd_zsscan
_ .................................. .................................. 't,I' ......... : """L;'; ..... 'T-: trimmed mass scan
: : L T [.... 15,scan

08 1
tagging efficiency
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Using jet substructure

Single production of vector-like quarks
* larger cross section than pair production for high masses
* current limits reach 700 GeV
* the objective is to extend the reach to the TeV scale

* coupling to SM model dependent, two interpretations
- A handbook of vector-like quarks: mixing and single production
J.A. Aguilar-Saavedra, R. Benbrik, S. Heinemeyer, M. Perez-Victoria
- A First Top Partner Hunter's Guide
A. De Simone, O. Matsedonskyi, R. Rattazzi, A. Wulzer

q - = -
I -
L%—@ 9 v ;
Q“%d a b,t B
N b.t

(a) (b)

Figure 1.5: A representative diagram illustrating the production of pairs of (a)

and a single (b) VLQ).
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Using jet substructure  *|| IC'

Single production of vector-like quarks
* vector-like top (T) - Wb — [vb
* heavy T:
- high-pT Wand b
- W and b produced back to back
- isolated b-jet

- using the large-R jet mass as a proxy to the isolation of a very high-pT b-jet

Reconstructing singly produced top partners in decays to Wb
N.G., J. Ferrando, D. Kar, M. Spannowsky

signal: isolated b-jet background: top quark
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“UCL

Using jet substructure

Single production of vector-like quarks
* vector-like top (T) - Wb — [vb

* heavy T:
the final state
forward jet

dd > 1.5

-tagged jet .

n-' s -
1-*. - - .
-
b '-." !
t" -
t._. »
" . )
L]
"’c" : .l‘
.‘- L
*1_ L .
.-,‘. K large_ R let
*e
. 9

P pT=>1250
R m < 100
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Using jet substructure  *|| IC'

. o o : ?‘jﬁtsw —— 2|2 jlelsI N 2|1 tlr-ta?s —— |SFT I

Single production of vector-like quarks 3 [ s e oo | gmo | ]
O - Ldt=2031b" % ﬁj?m = single top .
1 b= - =8Te a\;.'aels —:1: = e .
* vector-like top (T) - Wb — [vb S s ettt
— — Stat. ]
* still feasible after detector effects 2 a0 NG. thesis
C|>J — _
o 30 —
20 =
105 =
Phys. Rev. D 90 = b=y,
E 4D 1 L 1 I L 1 L] L] L 1 I 1 1 L I L] L 1 | I 1 _: .Us_) —_—— 1
S 35 =L ] Weiets E T
e Singletop ==+ T Mg ey - § , , “ //AP////",-/ZK

~ 30 3 800 1000 1200 1400
“ - VLQ candidate mass [GeV]

C ]

g 25 _: _ | ]l,u-itlalsl o 2‘2 jletsl S 2|1 bl-ta?s — 'SRI N _
L - %J BO[— ATLAS Intemal = Qco [ diboson =
ED = Q] C ILdt: 20.3 16" [ Z+jets [ single top _
3 S 50 - {5=8TeV E Bnrte - :[T}:?'OU GeV =
15 _: - B F7a g:«:tn m(T}=900 GeV E
10 = % 40— N.G. thesis =
e : I S E
5 | : - - -
, : , ISAARALY = 20 —
— e ————— — ]
QDD 400 600 800 1 000_ 1200 10 = =
reconstructed T mass [GeV] - el = =
s 3 ]
@ T we— A
& ‘“%//ff/ ........... A

0 200 400 600 800 1000 1200 1400
VLQ candidate mass [GeV]
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Using jet substructure  *[JC|

Single production of vector-like quarks

* vector-like top (T) - Wb — [vb
* statistical analysis using a likelihood fit of nuisance parameters and signal strength

* TeV scale on sight

N.G. thesis

----- 1Z exp., BR(Wb)=2BR(i2)

T
1—]

10 ATLAS Internal .. PRD 88, 094010 (2013), Ybj Max.  —]
4 PRD 88, 094010 (2013), Tbj Max. =

Ldt=203fo  _.... arXiv:1409.0100, ¢ =1.0 BR(Wb)=0.5 |

Vs= 8 TeV ——— Observed .

NS, O e Expected —

[ Expected +16

G (pp — Thj, T - Wb) [pb]

1 E_ Expected +2 ¢ _E
1 0-1 E_ ...........................
| | | | I | | . T - _I
400 600 800 1 000 1 200

m(T) [GeV]
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Using jet substructure

Single production of vector-like quarks

* vector-like top (T) - Wb — [vb
* interpretation on the mixing versus mass space (J.A. Aguilar-Saavedra et. all)

N.G. thesis

—0Ob d (T — Wb
0.4 = G T Y
L mm Expected +1 0
0 3 — Expected +2 ¢
-IL = ATLAS (TT — tZ+X)
[ = .. Indirect EW constraint (S,T)
e — Indirect EW constraint (R_)
0'2 Ermoaidoana o, .h. ..... m
0.1 —
:I: 1 1 | 1 1 | I 1 | 1 :[
600 800 1000 1200

m(T) [GeV.
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Using jet substructure

“UCL

Single production of vector-like quarks

* vector-like top (T) - Wb — [vb
* interpretation on the mixing versus mass space (J.A. Aguilar-Saavedra et. all)

N.G. thesis

17 _
0.8| )
0.6 -
o4 T E
- — S

600 800 1000 1200

m(T) [GeV]
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Outlook

Shower deconstruction
* still feasible after detector effects
* good description of the observable by the simulation
* best background rejection over a wide range of signal efficiency
* ideal for final states with huge QCD backgrounds

Single production of vector-like quarks
* vector-like top (T) - Wb — [vb
* still feasible after detector effects
* TeV scale on sight
* interpretation on the mixing versus mass space (J.A. Aguilar-Saavedra et. all)
* interpretation on the coupling versus mass space (A. De Simone et. all)

Looking ahead
* expertise of HiggsTools members on Jet Substructure
* maximise the potential these tools have for an observation of H—bbar

Nicolas Gutierrez First annual meeting of ITN HiggsTools — 15/04/2015
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