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... a tool for studying
“old” and "new” physics ...

Thomas Schorner-Sadenius
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OVERVIEW

M HISTORY OF JETS, AND BASIC CONCEPTS
* History: jets in hadron collisions and e*e-
« Jet algorithms
* Theoretical predictions

M1 JETS AT HERA, TEVATRON etc. — AND
WHAT DID WE LEARN?

1 JETS AND QCD AT THE LHC

M1 JETS, NEW CONCEPTS AND NEW PHYSICS

N Not covered: jets and flavour, gluon versus quark jets, jets and top physics,
jets and SUSY, most of jets in e*e~and 2y, ...

DESY Tuesday Seminar, 24 March 2011 TSS: Jets



HISTORY OF JETS

Intersecting Storage Ring
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HISTORY OF JETS
The ISR — the "high-p;” phenomenon

08— s s e o e
ISR, 1973 (Bisser et al.):
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HISTORY OF JETS SO

e*e” collisions at SPEAR (3 2]
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HISTORY OF JETS

Confirmation in hadron collisions

UA2 (SppS) and AFS (ISR) 1984:

Clear evidence for hard parton-parton
interactions and jets, described in pQCD!

Since these times jets considered as
final-state objects like electrons etc.

DESY Tuesday Seminar, 22 March 2011
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HISTORY OF JETS

Confirmation in hadron collisions: the ISR and the SppS

UA2 (SppS) and AFS (ISR) 1984:

Clear evidence for hard parton-parton
interactions and jets, described in pQCD!

Since these times jets considered as
final-state objects like electrons etc.

Lessons learned:

Spin-1/2 partons (quarks) as outcome of
hard scattering. Partons then shower /
hadronise.

No large p; created during showering /
hadronisation - collimated bundles: jets

Jet algorithm: Calculating back from the
final-state activity to the partonic event.

DESY Tuesday Seminar, 22 March 2011
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INFRARED AND COLLINEAR SAFETY

... and other requirements on jets ...

Several requirements on jet algorithms ...
... like efficiency, small experimental corrections, applicability to detector objects like
CAL energies, tracks, to MC hadrons and to partons from fixed-order calculations etc.

| C:__' jet o Jet‘_::> - Jet - ]CI‘__ -
Infrared and collinear safety:
Jet final state unaffected by
soft / collinear radiation! - soft divergence -
Salam 2010
W
_ _ , (@)
First jet algorithm:
Sterman-Weinberg summing convention for e*e- events Sterman and
Allowed to have perturbative QCD calculation for probability of two-jet events. Weinberg 1977

Then soon different directions developed:

“Sequential recombination” algorithms (e*e~); merge particles according to “distance”
“Cone-type” algorithms; jet = dominant direction of energy flow.

“Event decomposition algos” (DECO), ARCLUS... (only of historical interest)

DESY Tuesday Seminar, 22 March 2011 TSS: Jets 10



CLUSTERING ALGORITHMS

“Sequential recombination algorithms™

Idea: resum final-state
radiation to identify hard
partonic event

Picture Z. Nagy
DESY Tuesday Seminar, 22 March 2011 TSS: Jets 11



CLUSTERING ALGORITHMS

“Sequential recombination algorithms”™

Idea: resum final-state
radiation to identify hard
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CLUSTERING ALGORITHMS

“Sequential recombination algorithms”™

|ldea: resum final-state
radiation to identify hard
partonic event

Picture Z. Nagy
DESY Tuesday Seminar, 22 March 2011 TSS: Jets 13



CLUSTERING ALGORITHMS
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CLUSTERING ALGORITHMS
“Sequential recombination algorithms™

Many implementations — differing in distance criterion
— early example: JADE algorithm; also Cambridge-Aachen, deterministic annealing,
“optimal jet finder”, ARCLUS, ...)

K algorithm in e*e™ physics: | Catanietal. 1991

—in collinear limit, numerator > k7, - name! 2min(Ei2,E§)(1 —cos@ij)
— distance measure ~ inverse of splitting probability Yij = 0
for soft collinear splitting

Kkt algorithm with incoming hadrons: | Eis etal. 1993 (5 o\ AR

— total event energy Q not known - dimensionful distance d; = mln(pTi’ij) R2

— distance to beam d: isolation of beam jet(s). d. = p?

iB = Pri

Rather recently: anti-k; algorithm: ' cacciari etal. 2008 e AT

Tt

— Clustering focuses on hard splittings, combines e
particles starting from hard “seed”. o :

2
AR’
R2

dij = min(p;l.z ’pT_"jz) dp = pY_"iz

— Infrared and collinear safe, round jets.
— Default at the LHC

DESY Tuesday Seminar, 22 March 2011 TSS: Jets



CONE-TYPE ALGORITHMS

Maximising the energy in geometric cones

Idea: Find directions such that
amount of E; in cones around
these directions is maximal.

DESY Tuesday Seminar, 22 March 2011 TSS: Jets 16
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CONE-TYPE ALGORITHMS

Maximising the energy in geometric cones

Idea: Find directions such that
amount of E; in cones around
these directions is maximal.
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CONE-TYPE ALGORITHMS

Maximising the energy in geometric cones

Long history of different implementations, especially at the Tevatron:
- Idea: looking for “stable cones” in which sum of momenta of all particles points
in the same direction as the axis of the cone.
- often starting from seed directions and then iterating.

Often issues with
- infrared and collinear safety (especially in theory predictions at higher orders).
- treatment of overlapping cones

1
----- CDF midpoint (s=0 GeV)

- Choice of seeds for initial cones. 1o | - % coF midpoint (s=1 Gev) = - X
; PxCone ! ‘
- computational speed, etc. S1SCone %

—a— anti-k, (fastjet) #

=» exact seedless and infrared cone

algorithm: SISCone  Salametal. 2007
- seedless in order to not miss stable cones
- Reducing problem of jet finding to one of

computational geometry.

- Excellent performance in terms of time
and IR / coll. safety.

run time (s)

01+ . ," .

0.001 .
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JETS IN THEORY

Monte Carlo, fixed-order, and the best of both worlds ...

2->2 matrix elements
with parton shower
(PYTHIA, HERWIG)

Fixed-order calculations
(NLO / NNLO, additional
resummation of logs...)

DESY Tuesday Seminar, 22 March 2011

Multi-leg matrix elements fully
merged with parton showers

(ALPGEN/MLM, SHERPA/CKKW)

Recently:
NLO+PS
matching

TSS: Jets

7 4

Current work: full
merging at NLO!
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OVERVIEW

M1 HISTORY OF JETS, AND BASIC CONCEPTS

M JETS AT HERA, TEVATRON etc. — AND
WHAT DID WE LEARN?
e Jet measurements

* The strong coupling
* PDFs

Focus on hadron-
beam machines!

1 JETS AND QCD AT THE LHC

M1 JETS, NEW CONCEPTS AND NEW PHYSICS

DESY Tuesday Seminar, 24 March 2011 TSS: Jets 22



JETS AT HERA

Inclusive and multi-jets in DIS

do/dELy, (pb/GeV)
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- Description by NLO QCD at the level of 5%; theory uncertainty often dominant.
- Significant influence on strong coupling and PDFs. Energy scale: 1-2%!
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JETS AT HERA

...and photoproduction ...

do/dEr" (pb/GeV)
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- Description by NLO QCD at the level of 5%; theory uncertainty often dominant.
- Significant influence on strong coupling and PDFs. Energy scale: 1-2%!
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JETS AT THE TEVATRON
Measuring jet E; up to 600 GeV and dijet masses to 1.3 TeV

Q - —— CDF data (1.13b") " DO, L =0.7fb" 220<lyl, <24 (x10i)
o) = . ; 13 2 1.6<lyl,,, <2.0(x10%
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- Nice description by NLO QCD, larger (exp.) uncertainties (energy scale)
- Many more results available — cannot show here ...
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THE GLOBAL PICTURE

Putting things together

Summary on jets production
in hadron collisions

— with transverse energies from 5
to 600 GeV.

— from different colliders:

pp, ppbar, ep
(would be nice to add e*e/2photon

data, HERA PHP, ...)

— simultaneously described by
ONE NLO calculation with
ONE PDF set on the level of

10%.

= Excellent test of pQCD.
Great success !l

— Hopefully soon: LHC data points!
— And more detailed tests?

DESY Tuesday Seminar, 22 March 2011

10°

—
o
no

data / theory
=

- Vs =318 GeV
i hq_ﬂ_é;é_i}.#ﬁ_ (x35)

[ Vs =546 GeV

- s =630 GeV

« DO W <05 J—HﬂW(:*-ﬁ)
- Vs = 1800 GeV

i © COF 01<lyl<07

i + DO 00<lyl<05

[ 0 vl 1

inclusive jet production _fastNLO

in hadron-induced processes

*l.l LLHH{ Vs = 200 GeV

T o PP

eV * H1 150<Q* < 200 GeV®

" HI 200<Q° < 300GeV
4 HI 00<Q* < 600 GeV®
v H1 800 < QF < 3000 GeV*

o ZEUS 125<Q< 280GeV®
0 ZEUS 260<Qf< 500GeV®
4 ZEUS 500 <QF < 1000 GeV®
¢ ZEUS 1000 < Q° < 2000 GeV®
¢ ZEUS 2000 <QF < 5000 GeV®

]

Vs =300

(x 100)

DIS

o COF 01<ll <07

pp-bar

+ DO 05<lyl<10

Vs = 1960 GeV

0 COF cone ithm
s COF Kk, algmn

} (1)

[ all pQCD calculations using NLOJET++ with fastNLO:

oM)=0.118 | CTEQB.IMPDFs | m=p=py,
NLO plus non-perturbative corrections | pp, pp: incl. threshold corrections (2-loop)

1 lllllll 1 1 lllllll

Bepforpe cadar wc U tariio

10 2
pr (GeV/c)

10

TSS: Jets 26

10

3



THE STRONG COUPLING

Jet access to the central QCD parameter - HERA

do
dAdata
U e 100<Q<T00GeV'  H
>
(9
N 42 = 0
@105
‘b i )
.ol- 3L
%10?
30 .
T N T
TR SRR BT
10 2 30 40 50
E,/GeV

DESY Tuesday Seminar, 22 March 2011

- dc(aS(MZ))
dA

NLO

=C a(M,)+C, al(M,)

0'-s(Mr=ET)

averaged o ()

= o (n =My) PDG2006

a)

L PR |
100
w, / GeV

- Each cross section gives one value for ag.

- Demonstration of running of coupling.

- Combination of measured value to one ag(M,).
- Or simultaneous fit to several data points.

TSS: Jets
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THE STRONG COUPLING

Results and the global picture

o 025 [

0.2

0.1

0.15
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* ZEUS
* H1
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s, 4

------ QCD I
i a,(M,) = 0.118 = 0.003 |
C. Glasman
| ! ! 1 1 ! |
10 100

u=Q or B! (GeV)

T-decays (N3LO) Iro-u PhG
Quarkonia (lattice) K'I)q

|
Y decays (NLO) —{O0—

|
DIS F, (N3LO) —O— |
DIS jets (NLO) —O—

|
ete™ jets & shps (NNLO) ——O+—

|
electroweak fits (N3LO) v—-:o—«
e¥e” jets & shapes NNLO) ~ +—0—

011 012 013
0,5 (M)

- Consistent values from different machines, energy scales and processes!
- Consistent picture of QCD, QCD as a precision theory! ag= 0.1184 + 0.0007

DESY Tuesday Seminar, 22 March 2011
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JETS AND THE PDFs

Factorization

o o
FON
rTrT T
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tv
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o Q
&
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g L
0 2

I vwithout jet data
[] with jetdata

In global PDF fits, jet final states
can severely constrain gluon
density at medium / high x.

— Example: ZEUS jets fit (2005): Shown is
improvement in gluon precision through
usage of jet final states (DIS+PHP)

Future: PDF constraints from EW wk E( E
precision observables like W 2af \— -
Or Z CrOSS SeCtionS Or ratios: o aﬂ TERERTIT| B AR AT MR R R TTIT] llnu—:l iﬂ EERETTT A ENR TR MR E
10 10 102 10+ 110" 107 1072 10+ 1

— Example W charge asymmetry X
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OVERVIEW

T HISTORY OF JETS, AND BASIC CONCEPTS

M1 JETS AT HERA, TEVATRON etc. — AND
WHAT DID WE LEARN?

M JETS AND QCD AT THE LHC
e Jets at the LHC

* Dijets and azimuthal decorrelations
« Multijets ...

M1 JETS, NEW CONCEPTS AND NEW PHYSICS

DESY Tuesday Seminar, 24 March 2011 TSS: Jets
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JETS AT THE LHC

Probing the Terascale with jets of several TeV!

g&f\* ATLAS 2-Jet Collision Event at 7 TeV
f% A EXPERIMENT s )

2010-03-30, 13:16 CEST 5" 5ats
Run 152166, Event 399473  #%

o‘@r

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html

DESY Tuesday Seminar, 22 March 2011 TSS: Jets 31



JETS AT THE LHC

Probing the Terascale with jets of several TeV!

CMS Experiment at LHC, CERN

Data recorded: Tue May 25 06:24:04 2010 CEST
Run/Event: 136100 / 103078800

Lumi section: 348

DESY Tuesday Seminar, 22 March 2011 TSS: Jets
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CcMs prellmmary, 2.9 pb1 \l§ 7 TeV

JETS AT THE LHC g Top SR Emne 2SR e TeY
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MULTIJETS

Dijet azimuthal decorrelation

A‘Ddijet

DESY Tuesday Seminar, 22 March 2011

:Uu 10%F ¢ PI™ > 300 GeV (x10%) CMS
= F o 200 <p™ <300 GeV (x10%) f
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o
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102 =3
. 1
10g
1 —
Eﬁ
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10 = ——— PYTHIA6 D6T
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I | | ) l 1 1 l | 1
/2 2n/3 5n/6 T
A rad
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MULTIJETS

'-; 5L & p™* 5 300 GeV (x10% CMS
e . . © 10 - T
Dijet azimuthal decorrelation £ [ ¢ 200 <p™ <300 Gev (x10?) 1
5| & | 4 140 <p™ <200 GeV (x109) ) 7
_8° S 104§ o 110<p™ <140 GeV (x10) g7
Ad '05 [ o 80 <p™ <110 GeV
dijet ~— b‘c‘T 103 B L=29 pb'1
- \s=7TeV
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10g
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: , ; | = PYTHIA6 22
i < - ~=== PYTHIA8
T A\ W/, 102E HERWIG++
‘\_ R : MADGRAPH
Sensitivity to QCD radiation, understanding I I S BT
is fundamental for new physics searches. /2 2n/3 5n/6 T
AQ [rad]
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MULTIJETS —
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MULTIJETS
From ATLAS — up to 6 jets! py,,q > 80 GeV

405 l T T T ] ;‘105|""|""| """""""" A AR
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Cross section uncertainty 20-40%, decent description by QCD.
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MULTIJETS

Expansion of cross section: o= Y ai-C, =ag- Cy+ay- C + g Cy + .

o 4n6C ] T T 1 ;
210 —— ATLAS Preliminary ‘J (XSJ,
o | .
10°F 3
10°F 1
F St 3
3[ ] i +1
E q /e
10 - R=0.4, f Ldt=2.43 pb’~ —_— (04 S
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o 1.5 A I P | | 10
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a e g
g 1 o g—i 1 4
05 | | | | :&
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Inclusive Jet Multiplicity a j+3
S

n jets = (n+1) jets =» cross section reduced by ag (modulo phase space)
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MULTIJETS

Expansion of cross section: o= Y ai-C, =ag- Cy+ay- C + g Cy + .
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n jets = (n+1) jets =» cross section reduced by ag (modulo phase space)
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OVERVIEW

T HISTORY OF JETS, AND BASIC CONCEPTS

M1 JETS AT HERA, TEVATRON etc. — AND
WHAT DID WE LEARN?

1 JETS AND QCD AT THE LHC

M1 JETS, NEW CONCEPTS AND NEW PHYSICS
* Dijet mass spectra
¥ and dijet centrality ratio
« Jet area, jet trimming/pruning/filtering/tagging etc.

DESY Tuesday Seminar, 24 March 2011 TSS: Jets
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JET AND NEW PHYSICS — DIJETS

1 ™
Dijets for new and old physics G187 CMS RV .
> L o 0'ga<x lyl  <1.0(x 10" .
K : o = nt = 36 pb-1 = <yl < x 102 E
Dijets allow detailed tests of = b= o team ™ 2010y -
g 10" Ns=7TeV v 20 lylmax 252 104; N
the phase space and of QCD £ | antik R=07 7S Ve SEE b
. > - —
dynamics &k -
- comparison to NLO QCD. %* 10°F b
Specific sensitivity for new = 02? —
physics decaying to ggbar B 1 i =
- tests at HERA; Tevatron, vee © :: ——— pQCD at NLO + Non Pert. Corr. f
- so far only limits to new physics models 102k PDF4LHC -
- but certainly also discovery potential M =B =P P 2’2 QCD-10-0251]
- 0.2 0.3 1 2 3 4
Obseryableg. dijet mass, ¥, M, (TeV/c?)
centrality ratio (later) P —
8 : O.O;Iwm;a?ao(-:s pb™" \(§: :iev :
Example CMS: M, up to 3.5 TeV g e M :
- results compatible with incl. jet findings QS T L e e oty ]

0.5- QCD-10-025 ++ I

0.2 0.3 04 2
M,, (TeV/c?)
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JET AND NEW PHYSICS — DIJETS

Dijet mass spectra

; 4 | I I I I I | I I I I I I I I I I l I I I 1] 3 [ I I 1 I J l I I 1 I l I I I I ‘ I T T T [ ]

[ 1 0 = —e— CMS Data (29 pb1) _E &105 2 CMS Data (2.9 pb") Reson?nce Models .

(\D 3 _ — ] < ; Ns=7Tev | ... E:(':tid Quark §

2107 [L110% JES Uncertainty E é 10°F . mi<25&An<1.3 | - Axigluon/Coloron | =

~ B\ QCD Pythia + CMS Simulation ] ool 8 e — — E; Diquark 3

= 1 02 = ----- Excited Quark - X 103 B w B

% : — - Sting \s=7TeV : © : - ﬁS Graviton :

T 10 mi<258&lAnl<1.3 2k ’

1§—q* (05 Te E 10 -

11 i : Sing ;

10°F s@Tev) 3 1k S =

of - TN

10 E E 10" — 95% CL Upper Limit —

3 ] - —e— Gluon-Gluon g

10 8 E 102 :_ —— Quark-Gluon ;

4 - . F —=— Quark-Quark RL IO

107 o b e e e e e ey 8 S S S ESSEEN SRR N
500 1000 1500 2000 500 1000 1500 2000 2500

Dijet Mass (GeV) Resonance Mass (GeV)

Derive 95% CL limits on resonances masses from comparison of model predictions and
95% limit on measured cross section.
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JET AND NEW PHYSICS — DIJETS

Discovering and interpreting new physics

Dijet centrality ratio: ratio of dijets in
central to dijets in non-central region

- Cancellation of uncertainties!!!

N(l<0.7)/N(0.7<l 1l<1.3)

.é N l 1 1 I T 1T ] I A
- dt = 36 b-1’ 7 TeV [ ] 520<m_<800 GeV .
~30.35[ Ldt = 36 pb™.\s=7 Te A 800<m, <1200 GeV (+0.04)]
z oo QBH(M, =3TeV) (+0.18) ' 1200<m, <1600 GeV (+0.08)]
§e) o O 1600<m;<2000 GeV (+0.12)]
—3 03 @ m>2000GeV (:0.18)
< o —— QCD Prediction
=02 C [C_] Theoretical Uncertainties |
— 0.25 - * _______ [ Total Systematics 1
_2”_ ‘ | ]
0 - ¢ ¢ + ¢ §
C TR Ay ]
0.1+ =
QCD d%X O CONST oyt
U.Uo[ -
- PN ]
| . ATLAS ]
0 1 1 1 1 1
1 10
¥ = eIy1-y2|
- New heavy physics mainly central (x=1).
- Asymmetry x and centrality ratio complemen-
tary: x sensitive to spin, centrality ratio to mass
DESY Tuesday Seminar, 22 March 2011 TSS: Jets

2.5:“1"'1""1""1'
. CMS/Preliminary 1
I TeV ]
2 * Data 120 nb™ |
- — NLO+Non-Pert. Correction|]
I — Contact Interactions
1'5~ / — Excited Quarks
1 / -
[ [ {AJILL ]
0.5l 1T ‘ .
' |l oo |
[ L | ]
obm—t 1
500 1000 1500 2000
Dijet Mass (GeV)
43



JET AND NEW PHYSICS — DIJETS

Discovering and interpreting new physics

-Ef _] T T T T T T 1 1 T I_
- Ldt = 36 b-1,\f—$7 TeV [ ] 520<m_<800 GeV .
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ATLAS (36 pb'): Ay, > 6.6-9.5 TeV
CMS (36 pb'):  Ag > 5.6 TeV
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events in all  bins
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JET AND NEW PHYSICS — DIJETS

ATLAS limits from resonance searches in dijet distributions

Model and Analysis Strategy "~ 95% C.L. Limits (TeV)
Expected  Observed
Excited Quark ¢~

Resonance in m;; 2.07 2.15
F.(m;;) 2.12 2.64
Randall-Meade Quantum Black Hole for n = 6
Resonance in m;; 3.64 3.67
F.(m;;) 3.49 3.78
0., Parameter for m;; > 2 TeV 3.37 3.69
11-bin x Distribution for m;; > 2 TeV 3.36 3.49
Axigluon
Resonance in m;; 2.01 2.10
Contact Interaction A
F.(m;;) 5.7 9.5
F, form;; > 2 TeV 5.2 6.8
11-bin x Distribution for m;; > 2 TeV 5.4 6.6
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JET AND NEW PHYSICS

A warning from the past ...

3

PRL 77 (1996) 438

-
-]
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¢ Possible explanations:
quark substructure,
compositeness,
contact interactions, ...
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van | d’o/dEdn) dn  nb/GeV

Later explained in terms
of re-definition of gluon
density of the proton.
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s fo CTEQ 2M Don’t see new physics
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NEW CONCEPTS FOR JETS

The jet area, and trimming, pruning, filtering, tagging etc.

$ATLAS

A EXPERIMENT

2un Number: 153505, Event Number: 4487360

—y \ 3 ; / / - - Date: 2010-04-24 04:15.53 CEST
oSS OSeE ——==— | Event with 4 Pileup Vertices
N 200 in 7 TeV Collisions

Soft effects like pile-up, underlying event, MPIl modify event
kinematics and topology and degrade jet energy resolution

- need tools to understand and quantify / correct!

Furthermore want tools to distinguish heavy-particle decay
jets from ordinary QCD jets.




NEW CONCEPTS FOR JETS 1
The Jet drea Cacciari et al. 2008

Jet catchment area: A handle for subtracting the effects of pile-up and UE.
|dea: particles from UE etc. are ~uniformly distributed - jet’s susceptibility to this effect
~ proportional to (geometric) “catchment” area of the jet.

e.g. “passive” area: (geometric) area for which soft “ghost” particles

are clustered into the jet 7 )
... can be calculated on jet-by-jet basis o
CeV 25 Passive jet area
20 | (HERWIG parton-
15 level, k;, R=1)
10

-
L
n“l““‘ t=T
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NEW CONCEPTS FOR JETS 1

The Jet darea Cacciari et al. 2008

Jet catchment area: A handle for subtracting the effects of pile-up and UE.
|ldea: particles from UE etc. are ~uniformly distributed - jet’s susceptibility to this effect
~ proportional to (geometric) “catchment” area of the jet.

e.g. “passive” area: (geometric) area for which soft “ghost” particles
are clustered into the jet

... can be calculated on jet-by-jet basis b) ! N ! 0.07
Pythia 6.4
~ RS Rt -1 0.06
: : V( o?A)=5.7 GeV 1= =
MC test - pile-up subtraction: | WA " T 4 0.05 =
Difference of s E
— PU contribution to jet pr (MC truth) and - : ! 1 004 =
— subtraction term based on jet area A | L <]
. . B M 4 0.03 >
and energy density / unit area p B | T
- = 1. 4 002 €
r;é..' ‘_'L.'
- {: LL,__': 0.01
- o,
—> centered on 0 and narrow!!! el ) ! R M P
—> tool for suppressing / quantifying PU! 30 20 -10 0 10 20 30
pt,pileup'pfastjetA (GeV)
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NEW CONCEPTS FOR JETS 2

Trimming, pruning, filtering, tagging boosted particles ...

//,/// QCD - or t>bW->bqq'?
0
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NEW CONCEPTS FOR JETS 2

Trimming, pruning, filtering, tagging boosted particles ...

QCD - or t>bW->bqq’?
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NEW CONCEPTS FOR JETS 2

Trimming, pruning, filtering, tagging boosted particles ...

QCD - or t>bW->bqq’?
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NEW CONCEPTS FOR JETS 2

Trimming, pruning, filtering, tagging boosted particles ...

q,q’ from W

b subjet

QCD - or t>bW->bqq’?

DESY Tuesday Seminar, 22 March 2011 TSS: Jets
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NEW CONCEPTS FOR JETS 2

Trimming, pruning, filtering, tagging boosted particles ...

|dea: Assist identification of heavy decays by improving resolution

and

reducing soft effects.

- e.g. by only using only N hardest subjets (assign correct decay products, correct mass)

QCD jet or boosted t>bW->bqq’
(all decay products close by)?

al>
‘a. - ]
i - -
- | B B n
]‘_ = L ] ]
i an H- [ ] u
! [ ] - - |
L - -
0.5 n "-n . -
i »
» L] - L1
B " faged? "
()_ [ L]
n
n n -
L n L 1 1] ]
D5 . am .
i " sEEan
men | | ]
n
- L L I |
i ] LI IR
= - e
Krohn et al. 2009 - =
_I;I_.“l,.l‘...l..\....1..
<15 -1 05 0 05 1 15
An
DESY Tuesday Seminar, 22 March 2011

Remove particles or pseudo-jets
from splittings without significant
creation of invariant mass ...

... and look at the remainder ...
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NEW CONCEPTS FOR JETS 2

Trimming, pruning, filtering, tagging boosted particles ...

|dea: Assist identification of heavy decays by improving resolution

and reducing soft effects.
- e.g. by only using only N hardest subjets (assign correct decay products, correct mass)

QCD jet or boosted t>bW->bqq’
(all decay products close by)?
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NEW CONCEPTS FOR JETS 2

Trimming, pruning, filtering, tagging boosted particles ...

|dea: Assist identification of heavy decays by improving resolution

and reducing soft effects.

Other approach: “Pruning”

Discard soft, large-angle radiation —
unlikely to come from heavy particle
decays!

Again boosted top decays:

=» Reduced QCD jet mass, reduced
QCD background!

=>» Improved top jet resolution and
mass peak position!

=» Reduced influence of underlying
event!

DESY Tuesday Seminar, 22 March 2011
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SUMMARY

Jets — an important tool at the energy frontier

1l History and concepts — algorithms and theory

1 Jet measurements at HERA, Tevatron, ...

9 What have we learned?
- Strong coupling
- PDFs

' Jets at the LHC — tests of QCD

 Jets and new physics ...

g
g
9 ... and new concepts like trimming, pruning, jet areas etc.
g

... and apologies for many omissions, and thanks to all the people
who, over the years, taught me a lot about jets, QCD and physics.
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ADVERTISEMENT [

All you ever wanted to Edited by lan Brock, WWILEY-VCH
Thomas Schoérner-Sadenius _—
know about the Terascale ...

Physics at
the Terascale
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