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Gluon compositeness

>
» W polarization

» Jet scaling patterns
>

New Monte-Carlo tools
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Quark Compositeness

» Common to search for quark compositeness, or other new physics
affecting quarks, by looking in tail of jet pT distribution or
di-jet invariant mass spectrum.

» Tests a model in which dimension-6 4-quark operators
(contact interactions) have been added:

1 _ ., .
L= Lqcp + N 7" q 9.9
4q

» Amplitudes produced by operator
interfere with QCD amplitudes

— Di-jet cross section altered

1
at order —— + +
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Gluon Compositeness
» Add dimension-6 three-gluon operator:

varpbrpc
o fpe GL2GLP G

» Helicity amplitudes produced by operator
do not interfere with 2—2 QCD amplitudes.

- . 1
» Di-jet cross section not altered at order ——

However, 3-jet cross section is altered
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http://inspirebeta.net/search?action_search=Search&p=hep-ph/9312363
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“G3" matrix elements in BlackHat+Sherpa

Dijet azimuthal decorrelations for 500 < pT/GeV < 600 Dijet x for 800 GeV < my < 1200 GeV. anti-KT, R = 0.4.
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Exp. data: [ATLAS] PRL106(2011)172002 Exp. data: [ATLAS] EPJC71(2011)1512
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» Including parton shower with ME+PS, at order 1/A3,
» Distributions for A3z = 1 TeV compared to ATLAS data
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http://inspirebeta.net/search?action_search=Search&p=1102.2696
http://inspirebeta.net/search?action_search=Search&p=1009.5908
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“G3" search strategies?

» Could use dedicated experimental analysis to find best distributions
Set best (and only) bound on Asg
» Potential candidates: 3-/4-jet angles
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http://inspirebeta.net/search?action_search=Search&p=hep-ex/9509005

W polarization at high pr

» Leading W production modes at LHC
u w

# d g Na

» Angular-momentum conservation in s-channel guarantees left-handed W
t-channel contributes right-handed W at high pr, but only 1/4 rate

» 100% analyzing power

u w*

in leptonic decay 075F E=7Tev ]

W X

» Effects persist at NLO

[BlackHat] arXiv:0912.4927
[BlackHat] PRD84(2011)034008
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http://inspirebeta.net/search?action_search=Search&p=0912.4927
http://inspirebeta.net/search?action_search=Search&p=1103.5445
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Distinguishing W+jets from top production

» Left-handed polarization in W+jets translates into:

» larger pr for v, in W' events
> larger pr for e, in W™ events
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W + 3 jets + X — W'/ W ratio
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» tt production processes C-invariant
gg — tt qq — tt
» W from decay same degree right-handed as W™ left-handed
— same pr spectra for electron and positron
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Predictions at particle level

» Seeming discrepancy between

MCONLO & POWHEG results

» Entirely due to PS/LO prediction
of polarization at high pt

» Must use MCONLO for W+jet

[ATLAS] EPJC72(2012)2001
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http://inspirebeta.net/search?action_search=Search&p=1203.2165
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Jet ratio scaling patterns

» Consider “core” process (e.g. W-production) plus n jets

» Cross section ratios excl

R _ 0n+1
(n+1)/n = gexcl
n

~ stable against QCD corrections [Gerwick et al] JHEP10(2012)162

» Staircase Scaling: » Poisson Scaling:
i n"e="
R(n+1)/n = const (CT,, =0y R") R(n+1)/,, = nrl (O’n = ol )
» First predicted for W/Z+jets » Independent emission picture
[Berends, Giele, Kuijf] NPB321(1989)39 (like soft ~ radiation in QED)
» Induced by democratic jet cuts » Driven by large emission probability
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http://inspirebeta.net/search?action_search=Search&p=1208.3676
http://inspirebeta.net/search?action_search=Search&p=Nucl Phys B321 39

Theoretical background

» Analytically tractable — resummed jet rates [Gerwick et al.] JHEP04(2013)089

» Example: Durham jet rates in ete™ collisions [Gerwick et al.] JHEP10(2012)162
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» Resummed abelian contributions yield Poisson distribution
Deviation due to secondary emissions

» Modified by PDF in hadronic collisions, but overall picture remains


http://inspirebeta.net/search?action_search=Search&p=1212.5235
http://inspirebeta.net/search?action_search=Search&p=1208.3676

Comparison with Monte-Carlo simulation
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» ete -collider at \/s =2 TeV & yeuy = 51077
» Simulated results from Sherpa parton shower (g — qg off)

» Good fit to a Poisson for low multi, transition to staircase at ~ n =8
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Experimental observation

» First measurement by ATLAS in Z+jets

[ATLAS] arXiv:1304.7098
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http://inspirebeta.net/search?action_search=Search&p=1304.7098
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NLO predictions
[BlackHat] arXiv:1304.1253
» Wjetsat 7 TeV, E2>20GeV, [n°| <25, Fr>20GeV
pr>25GeV, || <3, MY >20GeV

W~ + (n+1) W+ + (n+1)
Jets W-+n W+ +n
LO NLO LO NLO
1 0.2949(0.0003) | 0.238(0.001) || 0.3119(0.0005) | 0.242(0.002)
2 0.2511(0.0005) | 0.220(0.001) || 0.2671(0.0004) | 0.235(0.002)
3 0.2345(0.0008) | 0.211(0.003) || 0.2490(0.0005) | 0.225(0.003)
4 0.218(0.001) 0.200(0.006) 0.2319(0.0008) 0.218(0.006)

» Fit to straight line for W + n jets gives (n > 2)

RN W = 0.248 £ 0.008 — (0.009 % 0.002) n

RGO V" = 0.263 4 0.009 — (0.009 + 0.003)

» Extrapolate to six jets

W™ +6jets: 0.15+0.01 pb
W™ +6jets:  0.3040.03 pb

Hoeche QCD Tools & Searches
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http://inspirebeta.net/search?action_search=Search&p=1304.1253

Matching NLO calculations and parton showers

Objective

[Frixione,Webber] JHEP06(2002)029
[Nason] JHEP11(2004)040

» NLO accurate parton-level prediction for n-jet process

» Combined with resummation encoded in parton shower

Parton Shower
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http://inspirebeta.net/search?action_search=Search&p=hep-ph/0204244
http://inspirebeta.net/search?action_search=Search&p=hep-ph/0409146
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Example: Top-pair production
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Simulation includes sub-leading color terms in MC@NLO
» Small impact here, but also small shape difference LO++NLO

Hoeche QCD Tools & Searches 15
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ME-+PS merging at NLO

[Lavesson, Lénnblad] JHEP12(2008)070
[Krauss et al.] JHEP04(2013)027

Objectives

» NLO accurate predictions for kt_j > k1 cut and variable n

» Logarithmic accuracy of PS throughout
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Example: ete~ —hadrons


http://inspirebeta.net/search?action_search=Search&p=0811.2912
http://inspirebeta.net/search?action_search=Search&p=1207.5030
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Top pair production at the Tevatron

Transverse momentum of -pair Transverse momentum of -pair
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» Consistency check: Variation of phase-space separation cut Qc:
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Top pair production at the Tevatron

LO merging NLO merging
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» Renormalization/factorization scale variation

» Central scale according to [Marchesini,Webber] NPB310(1988)461

Hoeche QCD Tools & Searches 18


http://inspirebeta.net/search?action_search=Search&p=Nucl Phys,B310,461

Summary

v

It ain't what you don't know that gets you into trouble.
It's what you know for sure that just ain't so. [Mark Twain]

v

QCD still full of surprises
But sometimes also simple (— jet scaling)

v

» New Monte-Carlo tools help fill in the details

19
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MCatNLO in Sherpa

MPL
variation
» Automated using CS subtraction
2 e
[Catani,Seymour] NPB485(1997)291 aration
[Gleisberg,Krauss] EPJC53(2008)501
[Schumann,Krauss] JHEP03(2008)038
» Validated in QCD jets production I"d“““'“"““‘““ip‘“d‘y ‘a““"k“R:"“’) : :
6
» CT10, as(Mz) = 0.118 e ATLAS data
. ur.Phys.J.
» Full hadron level, incl. MPI S oo 70
» Virtual corrections — BlackHat

—— SuErra MC@NLO
pr=pr=1Hr, po=1%ps
[Berger et al.] PRD78(2008)036003
[Giele,Glover, Kosower] NPB403(1993)633

pPT.j1 > 20 GeV, PT.j2 > 10 GeV
> prsr = Hr/4, po = pr/2 10
» Implementation allows to assess

o [pb]
g

MR, pF variation
Jg variation
MPI variation

g 15

renormalization/factorization and £ L, } - ; |
. . ) — f E
resummation scale uncertainty z o5 I E
\ \ ! L3

2 3 4 5 6

N;

=

[Schonherr,SH] PRD86(2012)094042

Hoeche QCD Tools & Searches 20


http://inspirebeta.net/search?action_search=Search&p=hep-ph/9605323
http://inspirebeta.net/search?action_search=Search&p=0709.2881
http://inspirebeta.net/search?action_search=Search&p=0709.1027
http://inspirebeta.net/search?action_search=Search&p=0803.4180
http://inspirebeta.net/search?action_search=Search&p=hep-ph/9302225
http://inspirebeta.net/search?action_search=Search&p=1208.2815
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Inclusive jet production at the LHC

[pb/Gev]

do/dp

Inclusive jet transverse momenta in different rapidity ranges
8

—— ATLAS data
Phys. Rev. D86 (2012) 014022
— Suerra MC@NLO
ur=pr=tHr, po=1%p.
— Suerra MC@NLO
nx=pr=YHY, o =4p.

MR, P variation

g variation

MPT variation

102 103
p1[GeV]

Hoeche

do/dmy; [pb/TeV]
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1016
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104

10"

Dijet invariant mass spectra in different rapidity ranges

—— ATLAS data

Phys. Rev. D86 (2012) 014022
— Suerra MC@NLO

pr=pr=1Hr, po=73p.
— SuerrA MC@NLO

e =pe=4HY, po=4p.

MR, WF variation
Jg variation
MPI variation

mya [TeV]
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