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Event Number: 56662314

Date: 2012-05-23 22:19:29 CEST
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Run: 205113
Event: 12611816
Date: 2012-06-18
Time: 11:07:47 CEST
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ATLAS Prelim.
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High p; Higgs and Vector Boson

By requiring that the Higgs and Vector Boson have a high
transverse momentum, we lose a factor of ~20 in cross section

« However, much of this would have failed other analysis cuts anyway
Background cross sections fall by a bigger factor (typically t-channel not s-

channel)
 W/Z and H are all central
Better b-tagging, better jet resolution “mono’”-Jet

W/Z and H decay products collimated

Simpler topology, fewer combinatorials
Difficult for tops to fake this
Z 9 neutrinos becomes visible
« High missing E-
JMB, Davison, Rubin, Salam, Phys. Rev. Lett. 100, 242001 (2008),




Sub-jet analysis

1. Start with Higgs candidate jet (highest p; jet in acceptance) with mass m)
2. Undo last stage of clustering (reduce radius to R,,)

JoJ, J,
3. If max(m,,m,) <2m/3

Call this a “mass d_roR”. This fixes the optimal radius for reconstructing the Higgs decay. Keep the
jet J and call it the Higgs candidate.

Else, go back to 2
4. Require Y, >0.09

Dimensionless rejection of asymmetric QCD splitting
Else reject the event

5. Require J,, J, to each contain a b-tag
Else reject the event

b\ /b

g —

mass drop filter




Sub-jet analysis
6. Define Ry, = min(0.3, R,,/2)

Make use event-by-event of the known Higgs decay radius

Angular ordering means this is the characteristic radius of QCD radiation
from Higgs products

Stuff outside of this is likely to be underlying event and pileup.

/. Recluster, with Cambridge/Aachen, R = Rq,

8. Take the 3 hardest subjets and combine to be the Higgs
b, anti-b and leading order final state gluon radiation

9. Plotthe brvass/B

Z: RN
Rpp
g —_— _—
mass drop filter



Improved subjet analysis

all jets, default R =1.2
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Improved subjet analysis

Hardest jet, pt=246.211 m=150.465
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Improved subjet analysis

Drop step 1, Delta R = 1.03129;

pt1=243.291 m1=139.158; pt2=3.944 m2=5.24475
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Improved subjet analysis

Drop step 2; Delta R = 0.876993; pt1=146.636 m1=52.3423; pt2=102.622 m2=27.7967
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Improved subjet analysis

Rfilt = 0.3
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Improved subjet analysis

==
S e Ty
B ey

Final filtered result, pt=227.257 m=117.211
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Analysis Overview

« (Consider three cases

- HZ, Z=> ee, uu
e HZ, Z=>vv
« HW,W=>»e/u+v
 Three non-overlapping selections
« |+ missing E; + jet (“Leptonic W case”)
« "I +jet (“Leptonic Z case”)
« Missing E; + jet (“Z =» neutrinos case”)
« Common cuts
- py Higgs candidate > 200 GeV, p; VB candidate > 200 GeV
* |n| < 2.5 (Higgs candidate and leptons)
«  pr>30GeV, |n| <2.5 (leptons)
« Noextra b jet (p; >30 GeV, |n| < 2.5) or lepton passing these cuts.
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Combined particle-level result

'..-°918°5_ (d) A —qq. - Note excellent Z peak for
™160F SAB = 5.9 h —V+ets calibration
~ - .
>140F " 112-128GeV | | Vv » 5.9 o; potentially very
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w120__ . . !
~ [ ¢ « bb branching information
@100 | critical for extracting
§ soF | Higgs properties
w | “Measuring the Higgs
60+ sector” Lafaye, Plehn,
40 :r- \ Rauch, D.Zerwas,
ol N - Duhrssen, arXiv:
20F | 0904.3866 [hep-ph]
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Fully simulated detector

Included trigger, real ATLAS b-tagging algorithm, detailed
tracking & calorimeter

« Also include Wt background omitted from initial study.
* Also included study of Wbb ME vs Wg->Wbb
« Slight degradation w.r.t particle level, but still very promising
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Higgs and top together

+ Combine techniques for 0o 7/ 125 ke -
top and Higgs tagging to ., - thij v
improve sensitivity to R .. T
Higgs in ttH channel [ 7L T

o T e
* ’ ; | do/dm,; [fb/5 GeV |
SpannowsKy arXiv: o / v | ttt;jZ[ g
0910.5472 [hep-ph] 0.4 | m tt% W |
_ 2 106 N\

» Also use Higgs 02 Lo §§% i i
techniques in new g \§\ \% %% \\ \§\\— S
physics events " 30 90 120 150 180

: : my;  [GeV]
Krle, Martln’ Roy ! FIG. 3: Reconstructed bottom-pair mass my; for signal

SpannOWSky arXiv: (mm = 120 GeV) and backgrounds without (upper) and in-
0912.4731 [hep-ph] cluding (lower) underlying event. The distributions shown
include three b tags.



Jets at the highest scales

* Highest transverse
momentum jets; at
the TeV scale

. arXiv:1009.5908 (EPJC),arXiv:
1112.6297 (PRD)

. arXiv:1106.0208 (PRL)
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Jets at the highest scales

* Highest transverse 31 ATeas|l [, esr o
momentum jets; at 3 1 [t et (5_7 Tov
z g et 1.1 antik, jets, R=0.4
the TeV scale foq N
ko) ' il statistical'error
arXiv:1009.5908 (EPJC),arXiv: g1 Syetensies

1112.6297 (PRD)
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* General agreement
with NLO QCD 1
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soft corrections) " AT s
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Jets as a probe of the proton

e Use 2.76 TeV CM
data to measure ¥ - 13
cross sections. = b= %
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arXiv:1304.4739



Jets as a probe of the proton

e Use 2.76 TeV CM
data to measure
Cross sections.
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Jets as a probe of the proton

* |llustrative fit to HERA

and ATLAS data gast s, ATLAS -

2 5 =
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Vector bosons and (b) jets
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Jet properties

* Final stage of jet structure is “soft” non-perturbative
QCD.

Formation of hadrons from gluons, 100 MeV energy scales (Aqcp)

* Vast phase space between quark-gluon scatter
(100’s GeV, few TeV) and Aqcp

* Most of jet substructure can be analysed
perturbatively

« EWSB scale (~100 GeV) lies in this region

- Jets may contain objects with EW-scale mass (W,Z,H,t,?)



Two goals in Jet Substructure

* Improve the single jet mass resolution
— First unclustering stages in C/A, throw away softer or more distant partner

JMB, Davison, Rubin, Salam, PRL 100, 242001 (2008)

— “Filtering”: Rerun algorithm with tighter distance resolutions
JMB, Davison, Rubin, Salam

— Variable R parameter

S. Ellis, Vermilion, Walsh, arXiv:0903.5081 [hep-ph]

« Distinguish between QCD-generated high mass jets and those due to
heavy object decays

— None-strongly order k; scale
JMB, Cox, Forshaw, PRD 65; 096014 (2002).

—  Symmetric splitting
Kaplan et al, JMB et al

— Anomalously large mass drop
JMB et al

— Analytic jet shapes (planar flow etc)

10/7/09 JMB, Boost 2009 Stanford 20
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Jet “grooming” and subjets
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Jet grooming and subjets

* k. scale, N-subjettiness
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Substructure in searches (boosted
top, boosted W)
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Shower deconstruction
(Soper & Spannowsky) and ATLAS-CONF-2014-003
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Shower deconstruction
(Soper & Spannowsky) and ATLAS-CONF-2014-003
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Shower deconstruction
(Soper & Spannowsky) and ATLAS-CONF-2014-003
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Shower deconstruction
(Soper & Spannowsky) and ATLAS-CONF-2014-003
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Shower deconstruction
(Soper & Spannowsky) and ATLAS-CONF-2014-003
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Shower deconstruction
(Soper & Spannowsky) and ATLAS-CONF-2014-003
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Shower deconstruction
(Soper & Spannowsky) and ATLAS-CONF-2014-003
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Substructure in searches
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... also

» Jet shapes, Q-jets, jet charge, jet pull, jet
superstructure...

* Moving on from the “two goals” (tagging &
grooming) to finding still more information;
identifying jet properties in context, learning
more about the short-distance physics.



Subjets and measuring boosted objects

« Gone from wacky new idea to obviously
essential item in the toolkit (~5 years)

o Studies with data show:

modelling is adequate but can be improved in some
cases

Grooming is robust against pile up and important for
controlling it in all jet measurements

* Not seen full potential yet in Higgs searches (cf
14 TeV)



Subjets and measuring boosted objects

* Already widely used in searches (mainly
boosted tops, but results on H, W/Z coming)

e (Calibration work on of novel observables is
intense & interesting

* Theoretical work on developing (analytic?)
understanding

« Active ATLAS subgroup, open workshop @CERN
25t March (Lily Asquith, Emily Thomson, )

Boost meetings 2009 Stanford 2010 Oxford 2011 Princeton
2012 Valencia 2013 Arizona 2014 UCL



"Looking and not finding

- is not the same as not looking!”’ The
- Hiranya Peiris, Cosmologist beg i n n i n g Of
physics
CERN CERN above the
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