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»Physics
»Very brief overview of the motivation for the LHC and ATLAS

»The Large Hadron Collider

»Status, Timelines, Turn-on plans

>The ATLAS Detector

»Status, Timelines

»UVic ATLAS Group

»Group composition, roles in ATLAS

»UVic ATLAS Activities

»Liquid argon electronics feedthroughs: the end-game
»Detector commissioning work

»Detector calibration

»Computing

»Progress to first physics
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ATLAS Detector
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@f The ATLAS Experiment & ATLAS-Canada

Aoty Saneton) MCEl Canadian activities focused on LAr calorimetry
ontréal, Regina, SEU, . . .
Teronto, TRIOME, UBC, 4 large projects funded by a Major Installation Grant:

Forward Hadronic

. Calorimeter
Sl Forward Calorimeters -
S"‘E“jd Front-End-Board Electronics

End Cap Toroid

Muon Detectors Electromagnetic Calorimeters

LAr cryostat and
calorimeters construction
and installation
completed

Detector commissioning
well underway

Barrel Toroid Inner Detector . . Shieldin
‘ . Hadronic Calorimeters Eing
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LHC: Status and Plans

~Almost all 'war astructiondfinished, includi
installationitesting = me - :
‘Mag

oﬁﬁsfalfl atiol

gﬂ'ets-i
¢ Mac nE ’J w

_,)Fr—‘ffll‘JJf_Lj'

edl r\lUIJJ i "J{IJ]SS]JIJ]IJJ
" /J(‘ CO||ISIO S 'Jr"JJ GeVxa50

1Y oyl of 20010 u
/ U5s 490 GaY for sl mwun ng ﬁ( / ci‘uenchlng systems, beam vJ,JmI)J
T ShutdewiRsesinaljil sxaf* io » last collimators;ss) \‘
'! Hghienergyfoperat

A?; mist: 100 pb- ~w.th-«/s- 4‘
® Ol ‘: o W|th \8=14

Ll 2
od (5 Sept 2006)



X : l-l»i N

\ f' A&“iﬂ&% }[
rme ers dnexe) INTECHE il jfff n oJ 15, LN
‘cfrforJ f'_"____J_ all JrJJm X !Jlmg .ﬂ( JJI_L T I ]
N
Clinalll

\1 ra‘ LV + HVToow HSUpply

data regularly with Calo &#\ﬁ N

AHONICSY: '.ser runs with &Téeapwcahl%s not cold un |I 0/

’h [Btec Gf\(smcon * s‘ira,w tubﬁ§ + plxels)w
5 %a‘rrel in place; cabling’ }-% ﬂ'“

v *&nstalled after baﬁ'r_ ) T‘n élomndﬂ(sprmg Oﬁ\t
‘ Plxels ‘cable delivery a Worh/: Mhyﬂ ‘fﬁ" u cabled dete
luon:system ¥ o QRN el
“Barralichamber mstaliatloh’almﬁ | Céblmg untll endﬁﬁ',u
“wheel”\assem%ly tarted 1 '{ 7 +

Qe H.; T
e$"ts a’ﬁd maﬁompleted{up to 8',R V\ff‘h 7

(full |eld mld‘N

mple&g detector,s“"ﬁ‘mmer 2007

L g e

W

ATLAS Detector Under construction
]
-""""# = : November 2005




2 UVic ATLAS Group

¢ Faculty

¢ Albert (started Sep 06), Astbury (retired), Keeler, Kowalewski, Lefebvre (Pl 92-03),
McPherson (P1 03-), Sobie

¢ Onsite TRIUMF Staff
¢ Birney, Charron, Dowling, Langstaff, Lenckowski

¢ Postdoctoral Research Associates
¢ Fincke-Keeler, Lelas (CERN, started Aug 06), Seuster,

¢ Onsite staff supported by MFA/MRS
¢ Agarwal (Computing Applications), Poffenberger (Detector Physicist)

¢ Current Graduate Students
¢ Berghaus (Ph.D. Lefebvre), Edmonds (M.Sc. Lefebvre/McPherson), Ince (Ph.D., Keeler),
Vanderster (Ph.D. Sobie+comp sci)
¢ + one or more of Courneyea, Lessard, Taylor
¢ Degrees Awarded
¢ 7 M.Sc. (Bishop, Fortin, Hughes, Ince, Robertson, Shaw, White)
¢ 2 Ph.D. (Dobbs, O’Neil)
¢ Undergraduate Students
¢ typically 3 per year
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$! Uvic ATLAS Group: Leadership [,

® & ¢ o

® & & 6 6 6 O o o

Endcap Signal Feedthrough Project Leader (Lefebvre, 1997-)

McPherson 2004-

LAr Beam Test Software Coordinator (McPherson, 2002-)
ATLAS Offline Commissioning Coordinator (McPherson, 2004-)

ATLAS Data Quality Coordinator (McPherson, 2006-)
23 October 2006 McPherson -- ATLAS @ UVic: GSC-19 site visit 10



@g LAr Endcap Signal Feedthrough Project |

Project Leader: Lefebvre

Chief Engineer: Hodges

23 October 2006

McPherson

One endcap
cryostat shown

during assembly

= ATLAS LAr calorimetry has over 180k signal
channels which must come through the
cryostats

» Feedthrough units: 64 in barrel, 50 in endcap

*This was Canada’s major construction
common fund contribution to ATLAS,
completed on time and under budget

= All endcap feedthough units built at UVic

= Onsite TRIUMF staff crucial to the success
of the project

= Onsite MFA supported personnel still critical

-- ATLAS @ UVic: GSC-19 site visit 11



A
ﬁg LAr Endcap Signal Feedthrough Project Il [

¢ Installation and tests at
CERN

¢ Supervision: Poffenberger
¢ Contributions from

¢ Birney, Chekulaev, b= s
e
Langstaff, undergraduate ';_,_J‘
students

¢ During installation in pit, |
some delicate uncabling / el s a CER
modifications, recabling

needed (ongoing)

¢ Critical to have continuity of
Poffenberger’s availability

¢ Possible because of his
MFA support at UVic

last feedthrough produced - ! i
at UVie, 25 Oct 2002 installation at CERN
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&5 Calorimeter Commissioning @

¢ Experience from testbeam carrying over into
commissioning LAr calorimeters

¢ Several commissioning “expert weeks” in 2006
¢ UVic developed

¢ Complete monitoring and reconstruction framework (Lefebvre,
McPherson, Seuster, Voss)

¢ Interactive browsing and analysis environment (Ince)

¢ Tutorials and documentation for entire Calorimeter community for
commissioning and analysis use

¢ Many early and critical monitoring and debugging analysis tools
(Lefebvre, McPherson, Seuster)

+ = UVic framework used for virtually all LAr commissioning
analysis, and now being adopted for other systems, including
likely the basis of overall ATLAS data quality monitoring

23 October 2006 McPherson -- ATLAS @ UVic: GSC-19 site visit 13
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§: Calorimeter Calibration | @

¢ UVic started on calibration in testbeam context
¢ HEC TB up to 2001, EMEC+HEC 2002, EMEC+HEC+FCAL 2004

¢ Carrying work through into ATLAS context

¢ Using TB for reconstruction + DB development, MC validation
¢ And developing techniques for in situ calibration in ATLAS

¢ 2002 EMEC+HEC Testbeam

¢ Data converted to final ATLAS data format for future analysis
(Seuster)

+ This will likely be adopted by other systems as well

¢ Continuing effort to port simulation into final ATLAS framework, in
particular “calibration hits” or MC truth (Fincke)

¢ = These two efforts together gives us access to the 2002
EMEC+HEC testbeam data as a critical MC validation tool

23 October 2006 McPherson -- ATLAS @ UVic: GSC-19 site visit 15



Cluster Classification

¢ EM = do nothing
¢ Hadronic = compensate

Electromagnetic Energy

Invisible ancy | n

N ,x"

¢ Kai Voss

¢ Developed multivariate
analysis tool for cluster
classification

¢ Offshoot: “TMVA” analysis
package (being integrated

into root!)
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$§! calorimeter Calibration Il [ss,

+ Recent work to prepare ¢ CLUSTER moments for all jets,
for in situ jet calibration  or vs. E, ET, eta

¢ Seuster, Ince, Lefebvre, Cain 10r8 G 53
McPherson T M e
¢ Defining a set of “jet o
moments” to diagnose |B Bk A CLUNIN "M
possible jet =t right i
reconstruction problems E*aNg . energy dependence ?
* : EM fraction from|ias i Tttt
MC truth Ko
IS : energy fraction sy i S

H{ AMEs  dqdid
carried by photons in jets iy

. PR | { :
¢ CLUSTER: energy fraction & Wik, * *7 “mﬁhwm
classified as EM i i

r.llli \
¢ TRACK: energy from artefact of sample crack region ',
aligned tracks ak @~ Py ot sjze ok 777
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High Level Trigger (Kowalewski) |[#

<« <&

* Resurgoncs of
- HLT in Canada

Bunch crossing

s
rate 40 MHz L = =N
LEVEL 1 I I I Pipeline ¢ McGill, Montréal,
TRIGGER L o Y Alberta

S <75 (100} ktiz ¢ UVic joining, with this
3 ] Derandomizers as main focus of
3 e Kowalewski’s ATLAS
i Fﬂeggaut buffers efforts
g ngm n

o -- | ¢ Critical issues

S E,_,Em bu”der ¢ Making offline code,
‘§ calibrations, DBs, run

EVENT FILTER i\ "\ Full-event buffers robustly

and
- 100 Hz processc:rsub -farms ¢ Robust triggers

¢ Include trigger
modeling in analysis

Datarecording
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§: Computing & Analysis |

¢ UVic had a pioneering role in computing for ATLAS in Canada
(Sobie with Agarwal, Vanderster, and many coop students)

¢ Including GridX1, used for both a standalone computational
grid and interface to LHC computing grid (LCG), with execution
tools fed-back into LCG

-----
-
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e N UNIVERSITY Tier-2
Japan > L '\ . “‘ .
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8 Ccomputing & Analysis I

¢ Critical issues for computing and analysis for ATLAS and ATLAS-Can.
¢ Production systems: real progress being made
+ Both for Monte Carlo production and Data reconstruction
¢ Development of the CondorG executor for GridX1 adopted for wide LCG production
+ CondorG: one person do the work of ~ a dozen on the old EDG executor

SACLAY 29443 jobs, 2.55
Open M mvents, 7%
ience Grid ' - ( LCG. 163849 jobs. 11.53 M

oants, PR

D5%5G , 184430 jobs, 14.97 R

avents, 2E%

NORDUGRID , 85149 jobs, L1u3;“',], E.]_.::,M ':;';nt
7.47 M events, 13% .
¢ Distributed grid-aware analysis is still in its infancy
¢ Foresee need for physics application specialists at different sites
+ System administrators will support clusters
+ Postdocs will support code validation
L 2

*
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Positioning ourselves for first physics in ATLAS

¢ Believe strongly that working through detector reconstruction, calibration,
commissioning puts us in position for best early physics in ATLAS

¢ And from past experience, best early physics carries on to best final
physics

¢ From recent ATLAS-Canada grant request:

Topic Institute

QCD di-jets Victoria €=
SM top physics Carleton
Hadronic top pair decays Victoria i
Anomalous top production Victoria
Inclusive SUSY; fake / instrumental Ep TRIUME, Vi{'ta:rri&@sﬁulto
SUSY end-point search Carleton

Higgs in SUSY decays Victoria z
Two-electron finder for Drell-Yan, Z' Victoria

Z' or strong interaction resonance in 7 channel | Montréal

Black holes Alberta

ADD extra dimensions Toronto
Randall-Sundrum graviton search Regina, Toronto
Trigger-aware charged Higgs MeGill

Lepton identification and fake rate studies Toronto

Table 5: Analyses in Canada for early ATLAS physics



@i Early Physics: Low mass Drell Yan ee |
& (Ince Ph.D., Keeler with Lelas)

"¢ Drell-Yan (di-lepton production) is a golden LHC search channel
¢ High mass Z’, ...

¢ Ince did electron reconstruction in 2002 EMEC-HEC testbeam for M.Sc. thesis,
and Lelas developed current e-y clustering for ATLAS

¢ = developing analysis of low-mass Drell-Yan events for early data

+ Demonstrate modeling of low-mass region and then extend search to
high-mass region ...

¢ Current studies
¢ Low Pt di-electron reconstruction using only calorimeter information
¢ Around M; =60 +/-5 GeV: expect 60/day at 1032
¢ Around M; =10 GeV: expect 1200/day at 1032

b
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f
/

+
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@i Fully Hadronic Top Pairs

(Edmonds M.Sc., Lefebvre, McPherson with Seuster)

b
=,

Fully hadronic top pair production not previously studied in detail in ATLAS
QCD background large. Current effort: validating 6 hard parton QCD simul.

But many kinematic constraints exist allowing signal selection (especially
for boosted tops)

Goals
¢ Develop fully hadronic top quark selection, including trigger
¢ Study kinematic properties of events
+ Add to mass measurement

+ But also look for anomalous top production (eg: SUSY or other new
physics)

*® O o

2

* 44% Full hadronic : 6 jets
« 30% Semileptonic : | + v + 4jets
* 5% Dileptonic : 2| + 2v + 2jets

Fully Hadronic Channel:
NLO o = 369pb

(370 kEvents in 1 fb-1)
23 October 2006 McPherson -- ATLA




ETmiss analysis: tails from data? |
(McPherson, Trigger, possible Courneyea MSc project)

¢ Modeling missing transverse energy critical = notoriously difficult!
o Extract from Data??

‘ C ATLAS DATA f \
MC

loose Z(y)+ jet selection A 4
- use jet to scan Loose TOP ‘

Detector for energy Selection
tails vs. . ¢

. 2

Energy (tail) response map (n. q:.]‘

Vc:lldafe
Map

Improved background
prediction

SIGNAL ? +




ETmiss analysis: talls from data? Il

T
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¢ Under development

¢ Demonstration that we can
measure tails in Z+jet and
quantify them in other channels

¢ Build corrections directly into
analysis
¢ Carry into other hadronic

analyses too ...
@ UVic: GSC-19 site visit 25
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@i More data ... Higgs properties with t(t)H - |

b
=,

. (Albert)
¢ ATLAS sees a Higgs-like ¢ Technique:
object: ¢ Partial Event reconstruction
¢ Question: is it Ho%sy ?? + Increases efficiency O(10x)
¢ Spin=0 ¢ Similar to H—yy selection
¢+ CP-even

¢ Other models gives alternatives

¢ MSSM: h,H CP-even but A
CP-odd

¢ General 2HDM
¢ h1,h2,h3 = mixed CP
¢ ... host of other models
¢ Using ttH

¢+ Can determine top-quark
couplings and object CP

+ With enough data, spin can
be extracted too
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§: UVic ATLAS Operations Model

¢ Largest effort is UVic based
¢ Currently 2 postdocs
¢ Most student activity
¢ Analysis based at Victoria

¢ CERN presence critical for commissioning, operations, collaborative
interactions
¢ 1 postdoc (requesting to move to two postdocs @ CERN)
¢ Requesting funds to allow ~ 1 year at CERN per PhD student
¢ Significant commuting to CERN for physics and detector weeks
¢ Typically ~ 4 trips per year minimum
+ Longer stays for commissioning work, future data-taking, or personnel with
central core roles
¢ Collaboration within Canada also critical
¢ We share personnel, computing resources across Canada
¢ Have 3 ATLAS-Canada physics meetings per year rotating through country

¢ Plus workshops including Canada and U.S. ATLAS members for specific topics,
physics analysis tutorials

¢ Locally have weekly Western Canada (Alberta, Regina, TRIUMF, UBC, UVic, )
ATLAS phone meetings discussing a variety of commissioning, calibration and
physics topics

+ Grew out of weekIP/ UVic ATLAS meetings and still UVic organized
23 October 2006 VMicPherson -- ATLAS @ UVic: GSC-19 site visit 28




§! ATLAS @ UVic: (near) future @

¢ Foresee continued group expansion

¢ Many new, very good, students interested
¢ And faculty shifting to ATLAS

¢ Clearly need to expand our presence at CERN

¢ Detector operations
¢ And also experience for students

¢ And UVic-based analysis

¢ Physics analysis
¢ Also detector calibration work done remotely

¢ Entering a new epoch in particle physics
¢ Will be an exciting few years ...

23 October 2006 McPherson -- ATLAS @ UVic: GSC-19 site visit YA
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Additional Material
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¢ Years of precision SM EW tests
¢ Still missing (but required): a Higgs

¢ Gives mass to particles in a renormalizable way

¢ Also enters into physics measurables in loops

30
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A Beinde
§! Constraints on Higgs boson H’sy E@J

EW Fits: MH free Param. ¢ MH (summer 2006)
Data from LEP, SLD, Tevatron ¢ Most likely:
&
P4 ¢ Direct Search LEP:
Aﬂﬁéd =
— 0.02758+0.00035 { : ¢
=== 0.02749+0.00012 [ ; ¢ Indirect EW fit constraints:
++ incl. low Q° data ¢

¢ Including LEP direct
search limit

¢

» Complete the SM:
> Find ?
»Look beyond the SM

Preliminary > New symmetries,

compositeness, ...
GSC-19 site visit 32




-] = m = m m
@g LHC interactions: p-p collisions E@J

¢ Detector response ~ 20-50 ns
¢ Integrate 1-2 crossings
= pile-up ~ 25-50 min. bias
¢ Detectors fast, highly granular

-~ <5ns  DETECTOR

: CTEQ4M (=20 GeVv")
When protons collide: :

s =14TeV JE P
X1E0 downbar
- - . . sironge
Eo= 7 TeV Eo= 7 TeV

Vs’ ~ 100 GeV = x1x2~ 0.01
Vs'~5TeV = x4x2~ 0.35

23 October 2006 McPherson -- ATLA




§: Ccase for Physics “BSM”

Io Quark/Lepton generations, masses

¢ = Compositeness? Substructure? Strings?
¢ = Common sub-elements quarks/leptons?

¢ Matter-Antimatter asymmetry
¢ CPVin SM (K,B) + Big bang:
+ Not enough to explain observations
¢ Neutrinos last “SM” hope (given v mass=0)
¢ Cosmological constant (dark energy ...)
¢ Higgs energy density ~ 10°° GeV/cm? (could finesse)
¢ Observationally: <10 * GeV/icm?

¢ Fine-Tuning of Higgs mass

¢ Particle loop corrections to My ~

¢ If theory cut-off /. ~ O(Mp)
¢ Fine tuning of corrections 1 : 10*° needed

>LHC

23 October 2006 McPherson -- ATLAS @ UVic: GSC-19 site visit



LHC

operational cycle
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@E Calorimeter Reconstruction

) _ Local Hadronic Calibration
¢ UVic contributes to

(aImOSt) =1 parts Of the intrinsic electromagnetic energy scale signal
calorimeter fundamental calorimeter si initi
i} gnal definition
reconstructlon and cell level and topological noise cuts
calibration chain _ _ _ . —
intermediate calorimeter signal definition

¢ just snapshot of current cell cluster formation
projects today

advanced calorimeter signal definition
‘ Focus on cluster clessification
¢ Local hadronic calibration
¢ jet reconstruction and EM hadronic non-classified
calibration cluster cluster cluster

¢ New hire (Lelas) gives us in
depth ely reconstruction
expertise

dead material correction
local energy scale signal
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€2 2004 EMEC-HEC-FCAL TB

S8 (from Shaw’s MSc Thesis -- Keeler, McPherson)

¢ 2004 TB designed to HEC
investigate energy
sharing among EMEC
HEC and FCAL

Particularly across t
significant dead- 1 X5
material in cryostat
and supports

In ATLAS, no tracking
here, so difficult to

calibration in situ

YW Scan dlr X =0 200 Gel oo

¢ UVic contributions: -0 ! .
¢ Monitoring: Lefebvre, [T S R S T T N
McPherson of 08 ! .
¢ Calibration: Shaw, web | [T | _ L | | e
Keeler, McPherson, E J i i i i ' i —= AL
Wielers . _1: ! | SCAL 1
¢ Analysis: Shaw, Keele B o .
McPherson ol | L1 | Jir*'d“:— e Sl .
n | | r | i i |
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