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LHC Performing very well
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ATLAS Online Luminosity

Rapidly 
approaching 
design luminosity 
of 1034

Running until Xmas: Will 
have about 5 + 25 = 30fb-1. 
Then shutdown until 2015 
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Multiple pp interactions per X’ing
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Mean Number of Interactions per Crossing
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Running at 50 ns instead 
of 25 ns => Two times 
more interactions per BX
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20-30 vertices 
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ATLAS recording efficiency high
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LHC Delivered

ATLAS Recorded

-1Total Delivered: 19.9 fb
-1Total Recorded: 18.7 fb

ATLAS operation etc.:
- Essential part of ATLAS programme!
- 670 man year per year.
- About 25% of every ATLAS 
members time.
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SM Higgs @ 125 GeV (?)
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Higgs Discovery
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Spin/CP Analysis
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In H->ZZ*->4l, sensitivity to spin/
CP through 5 production/decay 
angles and 2 inv. masses.

Example on BDT based analysis 
to separate 0- from 0+

Also MatrixElement-based 
analysis

Ongoin
g
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Higgs -> tautau
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Measurement of Higgs 
leptonic BRs: Only bbbar and 
tautau have sizable xsects. 
Both channels obscured by 
large QCD background.

Total of 11 different 
categories
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Higgs -> tautau
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Tau Identification & Performance
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Separation of narrow 
“tau jets” from wider 
“QCD jets”

ID variables
Performance

So
rry

, no
t th

e l
ate

st 
plo

ts

Also contributions to 
tau energy scale
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Standard Model

11
Monday, November 12, 12



Rediscovering Standard Model
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Dibosons: ZZ -> llll
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Gauge boson self-coupling
Bckg. to Higgs and other searches
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Diboson production: Trilinear Gauge Couplings
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So far, 
everything  
consistent 
with 
Standard 
Model
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Search for new phenomena in Dijets

15

Very powerful analysis. Ruling out:
- excited quarks below 2.83 TeV
- colour octet scalars below 1.86 TeV
- heavy W bosons below 1.68 TeV
- string resonances below 3.61 TeV
- quantum black holes with ... below 4.11 TeV
- quark contact interactions compositness scale 7.6 TeV
- ...

Mass

Angles: centrality

Angles: centrality
Monday, November 12, 12



SUSY Searches
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SUSY Summary

17 Mass scale [TeV]
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,missTESpin indep. WIMP interaction : monojet + 
,missTESpin dep. WIMP interaction : monojet + 

klm ≈ ijmHypercolour scalar gluons : 4 jets, 
 + heavy displaced vertexµ : µ qq→ 0

1
χ∼RPV 

,missTEBC1 RPV : 4 lep + 
,missTEBilinear RPV : 1 lep + j's + 
µRPV : high-mass e
τ∼GMSB : stable 

 R-hadrons : Pixel det. onlyg~Metastable 
 R-hadrons : Full detectort~Stable 
 R-hadrons : Full detectorg~Stable 

±

1
χ∼ pair prod.) : long-lived ±

1
χ∼AMSB (direct 

,missTE) : 3 lep + 0
1
χ∼+2ν)+νν 3l(l→ 0

2
χ∼
±

1
χ∼

,missTE : 2 lep + 0
1
χ∼νl→)ν∼(lνl~→+

1
χ∼, -

1
χ∼

+
1
χ∼

,missTE : 2 lep + 0
1
χ∼l→l~, Ll

~
Ll

~ ,missT
Ell) + b-jet + → (GMSB) : Z(t~t~

,missTE : 2 lep + b-jet + 0
1
χ∼t→t~ (heavy), t~t~

,missTE : 1 lep + b-jet + 0
1
χ∼t→t~ (heavy), t~t~

,missTE : 0 lep + b-jet + 0
1
χ∼t→t~ (heavy), t~t~

,missTE : 1/2 lep + b-jet + ±

1
χ∼b→t~ (light), t~t~

,missTE : 2 lep + ±

1
χ∼b→t~ (very light), t~t~

,missTE : 3 lep + j's + ±

1
χ∼t→1b~, b~b~

,missTE : 0 lep + 2-b-jets + 0
1
χ∼b→1b~, b~b~

,missTE) : 0 lep + 3 b-j's + t~ (real 0
1
χ∼tt→g~

,missTE) : 0 lep + 3 b-j's + t~ (virtual 0
1
χ∼tt→g~

,missTE) : 0 lep + multi-j's + t~ (virtual 0
1
χ∼tt→g~

,missTE) : 3 lep + j's + t~ (virtual 0
1
χ∼tt→g~

,missTE) : 2 lep (SS) + j's + t~ (virtual 0
1
χ∼tt→g~

,missTE) : 1 lep + 1/2 b-j's + t~ (virtual 0
1
χ∼tt→g~

,missTE) : 0 lep + 3 b-j's + b~ (real 0
1
χ∼bb→g~

,missTE) : 0 lep + 3 b-j's + b~ (virtual 0
1
χ∼bb→g~

,missTE) : 0 lep + 1/2 b-j's + b~ (virtual 0
1
χ∼bb→g~

,missT
E + γγGGM : ,missT
E + 0-1 lep + j's + τGMSB : 1-2 

,missTEGMSB : 2 lep (OS) + j's + 
,missTE) : 1 lep + j's + ±

χ∼qq→g~ (±
χ∼Gluino med. 

,missTEPheno model : 0 lep + j's + 
,missTEPheno model : 0 lep + j's + 
,missTEMSUGRA/CMSSM : 1 lep + j's + 
,missTEMSUGRA/CMSSM : 0 lep + j's + 

M* scale )χ < 100 GeV, tensor D9, Dirac χm(548 GeV , 7 TeV [ATLAS-CONF-2012-084]-1=4.7 fbL

M* scale )χ < 100 GeV, vector D5, Dirac χm(709 GeV , 7 TeV [ATLAS-CONF-2012-084]-1=4.7 fbL

sgluon mass (incl. limit from 1110.2693)100-287 GeV , 7 TeV [ATLAS-CONF-2012-110]-1=4.6 fbL

 massq~  decoupled)g~ < 1 m, τ, 1 mm < c-510× < 1.5211
'
λ < -610×(3.0700 GeV , 7 TeV [ATLAS-CONF-2012-113]-1=4.4 fbL

 massg~1.77 TeV , 7 TeV [ATLAS-CONF-2012-035]-1=2.1 fbL

 massg~ = q~  < 15 mm)LSPτ(c760 GeV , 7 TeV [1109.6606]-1=1.0 fbL

 massτν
∼ =0.05)312λ=0.10, ,

311λ(1.32 TeV , 7 TeV [1109.3089]-1=1.1 fbL

 massτ∼  < 20)β(5 < tan310 GeV , 7 TeV [ATLAS-CONF-2012-075]-1=4.7 fbL

 massg~ ) > 10 ns)g~(τ(910 GeV , 7 TeV [ATLAS-CONF-2012-075]-1=4.7 fbL

 masst~683 GeV , 7 TeV [ATLAS-CONF-2012-075]-1=4.7 fbL

 massg~985 GeV , 7 TeV [ATLAS-CONF-2012-075]-1=4.7 fbL

 mass±

1
χ∼ ) < 10 ns)±

1
χ
∼(τ(1 < 210 GeV , 7 TeV [ATLAS-CONF-2012-111]-1=4.7 fbL

 mass±

1
χ∼ ) as above)ν

∼,l
~
(m) = 0, 0

1
χ
∼(m), 0

2
χ
∼(m) = ±

1
χ
∼(m(60-500 GeV , 7 TeV [CONF-2012-077]-1=4.7 fbL

 mass±

1
χ∼ )))0

1
χ
∼(m) + ±

1
χ
∼(m(2

1) = ν
∼,l

~
(m) = 0, 0

1
χ
∼(m(120-330 GeV , 7 TeV [CONF-2012-076]-1=4.7 fbL

 massl~ ) = 0)0

1
χ
∼(m(93-180 GeV , 7 TeV [CONF-2012-076]-1=4.7 fbL

 masst~ ) < 230 GeV)0

1
χ
∼(m(115 < 310 GeV , 7 TeV [1204.6736]-1=2.1 fbL

 masst~ ) = 0)0

1
χ
∼(m(298-305 GeV , 7 TeV [CONF-2012-071]-1=4.7 fbL

 masst~ ) = 0)0

1
χ
∼(m(230-440 GeV , 7 TeV [CONF-2012-073]-1=4.7 fbL

 masst~ ) = 0)0

1
χ
∼(m(380-465 GeV , 7 TeV [1208.1447]-1=4.7 fbL

 masst~ ) = 45 GeV)0

1
χ
∼(m(120-173 GeV , 7 TeV [CONF-2012-070]-1=4.7 fbL

 masst~ ) = 45 GeV)0

1
χ
∼(m(135 GeV , 7 TeV [CONF-2012-059]-1=4.7 fbL

 massg~ ))0

1
χ
∼(m) = 2 ±

1
χ
∼(m(380 GeV , 7 TeV [ATLAS-CONF-2012-108]-1=4.7 fbL

 massb~ ) < 150 GeV)0

1
χ
∼(m(480 GeV , 7 TeV [ATLAS-CONF-2012-106]-1=4.7 fbL

 massg~ ) = 60 GeV)0

1
χ
∼(m(820 GeV , 7 TeV [1207.4686]-1=4.7 fbL

 massg~ ) < 50 GeV)0

1
χ
∼(m(940 GeV , 7 TeV [1207.4686]-1=4.7 fbL

 massg~ ) < 300 GeV)0

1
χ
∼(m(1.00 TeV , 8 TeV [ATLAS-CONF-2012-103]-1=5.8 fbL

 massg~ ))g~(m) < 0

1
χ
∼(m(any 760 GeV , 7 TeV [ATLAS-CONF-2012-108]-1=4.7 fbL

 massg~ ) < 300 GeV)0

1
χ
∼(m(850 GeV , 8 TeV [ATLAS-CONF-2012-105]-1=5.8 fbL

 massg~ ) < 150 GeV)0

1
χ
∼(m(710 GeV , 7 TeV [1203.6193]-1=2.1 fbL

 massg~ ) = 60 GeV)0

1
χ
∼(m(1.00 TeV , 7 TeV [1207.4686]-1=4.7 fbL

 massg~ ) < 400 GeV)0

1
χ
∼(m(1.02 TeV , 7 TeV [1207.4686]-1=4.7 fbL

 massg~ ) < 300 GeV)0

1
χ
∼(m(900 GeV , 7 TeV [1203.6193]-1=2.1 fbL

 massg~ ) > 50 GeV)0

1
χ
∼(m(1.07 TeV , 7 TeV [ATLAS-CONF-2012-072]-1=4.8 fbL

 massg~  > 20)β(tan1.20 TeV , 7 TeV [ATLAS-CONF-2012-112]-1=4.7 fbL

 massg~  < 15)β(tan1.24 TeV , 7 TeV [Preliminary]-1=4.7 fbL

 massg~ ))g~(m)+0
χ
∼(m(2

1) = ±
χ
∼(m) < 200 GeV, 0

1
χ
∼(m(900 GeV , 7 TeV [ATLAS-CONF-2012-041]-1=4.7 fbL

 massq~ )0

1
χ
∼) < 2 TeV, light g~(m(1.38 TeV , 8 TeV [ATLAS-CONF-2012-109]-1=5.8 fbL

 massg~ )0

1
χ
∼) < 2 TeV, light q~(m(1.18 TeV , 8 TeV [ATLAS-CONF-2012-109]-1=5.8 fbL

 massg~ = q~1.24 TeV , 8 TeV [ATLAS-CONF-2012-104]-1=5.8 fbL

 massg~ = q~1.50 TeV , 8 TeV [ATLAS-CONF-2012-109]-1=5.8 fbL

Only a selection of the available mass limits on new states or phenomena shown.*
 theoretical signal cross section uncertainty.σAll limits quoted are observed minus 1

-1 = (1.00 - 5.8) fbLdt∫
 = 7, 8 TeVs

ATLAS
Preliminary

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: SUSY 2012)
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Search for Heavy Long-lived Particles

18

Aggressive exploitation of ATLAS particle 
identification capabilities:
- Specific ionisation in the Pixel silicon
- Time-of-flight in calorimeters and Muon System

sleptons, R-hadrons, ...

Monday, November 12, 12



Heavy Long-lived Particles

19

Mass of candidates 
established through 
measurement of
i) momentum, p
ii) velocity, β or βγ

Analysis setting 
limits on many 
possible LLPs:
- stau in GMSB
- directly produced 
sleptons
- R-hadrons (gluino, 
stop, sbottom)

Monday, November 12, 12



Other Searches
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“Exotics” Summary
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Mass scale [TeV]
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jjmColor octet scalar : dijet resonance, 
µµ

m)=1) : SS dimuon, µµ→
L
±± (DY prod., BR(HL

±±H
 (LRSM, no mixing) : 2-lep + jetsRW

Major. neutr. (LRSM, no mixing) : 2-lep + jets
,WZT

mlll), νTechni-hadrons (LSTC) : WZ resonance (
µµee/mTechni-hadrons (LSTC) : dilepton, 
γµ

m resonance, γ-µExcited muon : γe
m resonance, γExcited electron : e-

jjmExcited quarks : dijet resonance, 
jetγ

m-jet resonance, γExcited quarks : 
llqmVector-like quark : NC, 
qνlmVector-like quark : CC, 
)

T2
 (dilepton, M0A0 tt + A→Top partner : TT Zb

m Zb+X, →New quark b' : b'b'
 WtWt→)5/3T

5/3
 generation : b'b'(Tth4

 WbWb→ generation : t't'th4
jjνµjj, µµ=1) : kin. vars. in βScalar LQ pairs (
jjν=1) : kin. vars. in eejj, eβScalar LQ pairs (
µT,e/mW* : 
tb

m tb, SSM) : → (RW'
tqm=1) : 

R
 tq, g→W' (

µT,e/mW' (SSM) : 
ττmZ' (SSM) : 
µµee/mZ' (SSM) : 

,missTEuutt CI : SS dilepton + jets + ll
m combined, µµqqll CI : ee, 

)
jj

m(χqqqq contact interaction : 
)jjm(

χ
Quantum black hole : dijet, F T

pΣ=3) : leptons + jets, DM /THMADD BH (
ch. part.N=3) : SS dimuon, DM /THMADD BH (

tt,boosted
m l+jets, →tt)=0.925 : tt →

KK
RS with BR(g

νlν,lTm = 0.1 : WW resonance, PlM/kRS1 with 
llll / lljjm = 0.1 : ZZ resonance, PlM/kRS1 with 

llm = 0.1 : dilepton, PlM/kRS1 with 
γγm = 0.1 : diphoton, PlM/kRS1 with 

,missTEUED : diphoton + 
γγmLarge ED (ADD) : diphoton, 

,missTELarge ED (ADD) : monophoton + 
,missTELarge ED (ADD) : monojet + 

Scalar resonance mass1.94 TeV , 7 TeV [ATLAS-CONF-2012-038]-1=4.8 fbL

 massL
±±H355 GeV , 7 TeV [1201.1091]-1=1.6 fbL

(N) < 1.4 TeV)m mass (RW2.4 TeV , 7 TeV [1203.5420]-1=2.1 fbL

) = 2 TeV)
R

(WmN mass (1.5 TeV , 7 TeV [1203.5420]-1=2.1 fbL

))
T
ρ(m) = 1.1 

T
(am, Wm) + Tπ(m) = 

T
ρ(m mass (

T
ρ483 GeV , 7 TeV [1204.1648]-1=1.0 fbL

)
W

) = MTπ(m) - Tω/T
ρ(m mass (Tω/T

ρ850 GeV , 7 TeV [1209.2535]-1=4.9-5.0 fbL

*))µ = m(Λ* mass (µ1.9 TeV , 7 TeV [ATLAS-CONF-2012-008]-1=4.8 fbL

 = m(e*))Λe* mass (2.0 TeV , 7 TeV [ATLAS-CONF-2012-008]-1=4.9 fbL

q* mass3.66 TeV , 8 TeV [ATLAS-CONF-2012-088]-1=5.8 fbL

q* mass2.46 TeV , 7 TeV [1112.3580]-1=2.1 fbL

)Q/mν = qQκVLQ mass (charge 2/3, coupling 1.08 TeV , 7 TeV [ATLAS-CONF-2012-137]-1=4.6 fbL

)Q/mν = qQκVLQ mass (charge -1/3, coupling 1.12 TeV , 7 TeV [ATLAS-CONF-2012-137]-1=4.6 fbL

) < 100 GeV)
0

(AmT mass (483 GeV , 7 TeV [1209.4186]-1=4.7 fbL

b' mass400 GeV , 7 TeV [1204.1265]-1=2.0 fbL

) mass
5/3

b' (T670 GeV , 7 TeV [ATLAS-CONF-2012-130]-1=4.7 fbL

t' mass656 GeV , 7 TeV [Preliminary]-1=4.7 fbL

 gen. LQ massnd2685 GeV , 7 TeV [1203.3172]-1=1.0 fbL

 gen. LQ massst1660 GeV , 7 TeV [1112.4828]-1=1.0 fbL

W* mass2.42 TeV , 7 TeV [1209.4446]-1=4.7 fbL

W' mass1.13 TeV , 7 TeV [1205.1016]-1=1.0 fbL

W' mass350 GeV , 7 TeV [CONF-2012-096]-1=4.7 fbL

W' mass2.55 TeV , 7 TeV [1209.4446]-1=4.7 fbL

Z' mass1.3 TeV , 7 TeV [ATLAS-CONF-2012-067]-1=4.7 fbL

Z' mass2.49 TeV , 8 TeV [ATLAS-CONF-2012-129]-1=5.9-6.1 fbL

Λ1.7 TeV , 7 TeV [1202.5520]-1=1.0 fbL

 (constructive int.)Λ10.2 TeV , 7 TeV [1112.4462]-1=1.1-1.2 fbL

Λ7.8 TeV , 7 TeV [ATLAS-CONF-2012-038]-1=4.8 fbL

=6)δ (DM4.11 TeV , 7 TeV [ATLAS-CONF-2012-038]-1=4.7 fbL

=6)δ (DM1.5 TeV , 7 TeV [1204.4646]-1=1.0 fbL

=6)δ (DM1.25 TeV , 7 TeV [1111.0080]-1=1.3 fbL

KK gluon mass1.9 TeV , 7 TeV [ATLAS-CONF-2012-136]-1=4.7 fbL

Graviton mass1.23 TeV , 7 TeV [1208.2880]-1=4.7 fbL

Graviton mass845 GeV , 7 TeV [1203.0718]-1=1.0 fbL

Graviton mass2.16 TeV , 7 TeV [1209.2535]-1=4.9-5.0 fbL

Graviton mass2.06 TeV , 7 TeV [ATLAS-CONF-2012-087]-1=4.9 fbL

Compact. scale 1/R1.41 TeV , 7 TeV [ATLAS-CONF-2012-072]-1=4.8 fbL

 (GRW cut-off, NLO)SM3.29 TeV , 7 TeV [ATLAS-CONF-2012-087]-1=4.9 fbL

=2)δ (DM1.93 TeV , 7 TeV [1209.4625]-1=4.6 fbL

=2)δ (DM3.39 TeV , 7 TeV [ATLAS-CONF-2011-096]-1=1.0 fbL

Only a selection of the available mass limits on new states or phenomena shown*

-1 = (1.0 - 6.1) fbLdt∫
 = 7, 8 TeVs

ATLAS
Preliminary

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: LHCC, Sep 2012)
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3rd Generation Leptoquark search
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Monopole Search

23

Pass interaction region accelerator 
material through SQUID.

Observed current and would be 
signal from monopole

Planning to build facility to analyse complete CMS and 
ATLAS beam pipes when replaced about 2018
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Soft QCD and such
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ALFA Forward Spectrometer
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Continue long tradition
for total, elastic, diffractive
etc pp cross-sections.
Applications in luminosity, 
forward physics and astro-p.

Results from beta* = 90m
run in Oct 2011 --------------->

Much more accuracy from
1km run Oct 2012
reaching Coulomb interference 
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Underlying Event
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11.2 Multiplicity density vs. pleading jet
T

Figure 11.4: The angular multiplicity density distribution of ⇥ particles
with respect to the leading jet with an additional cut on �� imposted
to enhance the jet structure. The data are corrected back to particle
level and are compared to several MC simulations. The distributions
are separated according to di⇤erent cuts on the leading jet pT . The
vertical error bars show the statistical uncertainty and the shaded areas
show the systematic and statistical uncertainty added in quadrature.

compared to the distributions without the �� cut), but it is not very
significant compared to the statistical uncertainty. Especially since the two
first bins do not follow the rest of the distribution.

11.2 Multiplicity density vs. pleading jet
T

The multiplicity densities for respectively K0
S and ⇥ particles as a function

of the leading jet pT are shown in figure 11.5. The data is separated into
three regions according to �⇥, namely the toward, transverse and away
region. For low pleading jet

T the number of K0
S (⇥) particles increases almost

linearly with the leading jet pT . But at around pleading jet
T ⇥ 8 � 9 GeV,

the distributions becomes almost constant, this e⇤ect is observed in all the
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9.2 Systematic uncertainty on f R
DP

468

Generator modelling469

The uncertainty due to generator modelling is found by comparing the values of f R
DP that are measured,470

when Sherpa and AlpGen+Herwig+Jimmy are used to provide template A. In the interests of comparing471

like-with-like, in this case Pmax
T is set to 3.5 GeV in both generators. The best fits are shown in figure 17:472

f R
DP = 0.010 and 0.011 using Sherpa and AlpGen+Herwig+Jimmy respectively. The shift is thus 0.07 f R

DP.473

An additional uncertainty is quoted which represents the choice of Pmax
T . This is evaluated by com-474

paring the average variation in f R
DP when Pmax

T is varied up and down by 5 GeV as is discussed in section475

8.2.1. This was found to be 0.05 f R
DP.476

The two uncertainties discussed above are added in quadrature to obtain a total uncertainty repre-477

senting generator modelling of 0.09 f R
DP.478
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Figure 17: ⇤2 minimisation fits to data distributions of the variables �n
jets. The fit is performed using

templates A (AlpGen+Herwig+Jimmy prediction on the left and Sherpa prediction on the right) and B to
data to extract DPI contamination f R

DP. Pmax
T has been set at 3.5 GeV for both generators. The data has

been corrected for the Monte Carlo background. The fit region is the region left of the dotted line on the
plot. Data and the overall fit have been normalised to unity, template A to 1 � f R

DP and dijet data to f R
DP.

Jet energy scale and resolution480

The overall impact on f R
DP was determined by shifting, with respect to the data, the jet energy upwards481

in Monte Carlo – that is to say, template A – by the jet energy scale uncertainty and then re-performing482

the fit. The variation was found to be +0.15 f R
DP. Similarly, degrading the jet energy resolution in Monte483

Carlo with respect to the data, as recommended by the jet energy resolution uncertainty provider, was484

found to be -0.05 f R
DP. As an alternative handle on this e⇥ect, the extracted value of f R

DP when a di⇥erent485

jet calibration scheme was used was studied, and found to be within these uncertainties.486

487

Physics backgrounds and lepton response488

The impact of both physics background modelling and lepton response was considered via a direct com-489

parison of f R
DP obtained in the W ⇥ e⇥ and W ⇥ µ⇥ channels. Half the shift found was taken, yielding490

a systematic uncertainty of 0.07 f R
DP, although it should be noted that, as the dataset was separated into491

two subsets for this evaluation, the statistical uncertainty on this extraction is increased with respect to492

that on the central value of f R
DP, and thus this estimate is most likely conservative. An alternative handle493

on this e⇥ect was determined by varying the background normalisation and shape, and was found to be494

within these limits.495

496

Pileup497

22

o More Lambda and K0 in 
UE than predicted

o DPI from fit to W+2jets
Next:  Repeat for Z+2jets

Also pA/pp:      l+l- + X
Nuclear pdf’s - in progress
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Short Outlook
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Finishing off the <10 TeV Analyses
Higgs Discovery: Higgs or not? Standard Model or not? Or perhaps MSSM?

Measure its properties the best we can (need statistics)
Braching fractions: In particular, need to understand better the 
fermionic BRs (tautau + bbbar)
Spin-parity: ZZ channel is main handle

Precision Standard Model measurements:
A prominent method to look for new physics

Di-bosons and TGC
Dijets
W mass

SUSY Searches:
SUSY partners “getting heavy”, especially squarks and gluinos. Natural?
Still some room for lightish sleptons and third generation squarks

Other searches:
Rapidly closing the door for many “speculations”
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