


O) ATLAS OverV1eW

ca. 44 x 22 m, 7000 t, ca. 2000 scientists, MPP contributions to inner
detector (SCT), calorimeter (HEC), muon system (MDT) and

computing (Tier-2)
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Solenoid coil

1) Installation: SCT ECA

Quadrant of ATLAS inner detector

mi=1.0

ID end-plate
Cryostat ||
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Si detector layout and design
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Final installation of endcap A
(ECA) into ATLAS May 2007
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1) Installation: SCT ECA

down the access shaft ...

... and finally into ATLAS

P
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1) Installation: HEC

Installation of
Endcap (EC) C

Tile Cal.
EC magnet test incident

EM Barrel Cal. November 22

_//

EM Endcap Cal. ‘
Forward Cal.

LN
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1) HEC ECC & Magnet Test

Sketch of test setup

ECC magnet current vs. time

T T T T
191000 192000 193000 19:40:00

T
20:20:00
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1) HEC ECC & Magnet Test

Damage to LAr transfer line

vacuum broken, cold line ok
repair until Feb. 08 ok with schedule
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1) Installation: MDT

Jan.-Feb. 07 installation of barrel chambers (MDT+RPC)

Mar.-Dec. 07 commlssmmng Wlth cosmics

~ g ,7
a o /7
; '.‘

Project review 2007 - ATLAS - Stefan Kluth



2) Commissioning: SCT

SCT/TRT data taking with cosmics in SR1 surface building

Endcap SCT
ENC from noise scans
% 25
E |
2 -
5 20—
g -
Z 15—
10
51

1111 | | | I 1111 | 111 | | | 111 I 1111 I 11 |-|I 11| I 1111
1900 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
ENC (electrons)
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2) Commissio-
ning: HEC

Regular data taking with

cosmics barrel and ECA
incl. HEC

2 ATLAS - Stefan Kluth 11



2) Commis-
sioning: MDT




Measure cosmics using

muon spectromenter

2) Commissioning: MDT
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2) Commissioning: MDT

~ 2-10" cosmic muons reconstructed

‘@ 35

ca. 25% of detectors in operation 4 % T
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3) Local y* Alignment for ID

r Tracks ‘

- Digits Alignment Algorithm

. Raw Data ® Reconstruction

Iteration until Alignment J
convergence

Constants

Final Alignment Constants

minimise track-hit residuals

# of hits

with 6 d.o.f. per module /

ST

/
linearised x* = solutions from /
6x6 matrix inversions /-9

—

modules correlated 4/

—
~

-

= iterations needed
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3) CTB Alignment

CTB = combined test beam (2004)

track momenta as expected
after alignment

00;—

w b
o
T | 1

50¢

arbitrary units

w
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250[-
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3 Pixel and 4 SCT layers
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50F

ﬁ

O
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Tla

data
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limited illumination
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3) ID Alignment with CSC Data

CSC = computing system challange, data contain “realistic” misalignment

Level 1: ECs, barrel etc. large structures, ca. 50 d.o.f.
Level 2: barrel layers and EC disks, ca. 1000 d.o.f.
Level 3: modules, ca. 40k d.o.f.

CSC data w/o L1, L2 perfect

SCT Processed Res (Barrel) I “““““““ SCT Processed Res (Barrel) I wwwwww SCT Processed Res (Barrel) I Ensios 05047
Wi -2 Wy o0 eal TR
ooem2) 00 ————————————|Res & iy e JRws om 735
3 250001 i .
sooo |- - |1 e
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4000 I C
[ 2n000]—
15000 r
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100001 L
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I IS FYTEY N POV TR Wil ron | O il PN PRV liiss ol bl o N L
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3) ID Alignment
with CSC Data

Vertex x__[reosemitig
haar” o418
sunf—
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3) Calorimeter/Jet Calibration

1) cluster recon-
struction (and
correction)

2) jet finding

3) jet energy cor-
rection det.-
had.-level

4) jet energy cor-
rection had.-
part.-level

Project review 2007 - ATLAS - Stefan Kluth 19



3) Calorimeter/Jet Calibration

|E| > 20n0ise |E| > 4 0noise 4/2/0 topological clusters

Topological 4/2/0
clustering algo-

FCal1C FCal1C

rithm

Classify clusters as “n’ or “n*“ %3-5

depending on depth and energy §e 3

density 28

2

1.5

Apply MC based correction for n* 1
like clusters 0.5

e

Iog10-(<pce">- (MeVImm3))
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3) Calorimeter/Jet Calibration

MC Performance study with di-jets
0.2< Inl <04,
E  ~ 150 £ 40 GeV

100

je 90
kt (R=0.4) 80
70

red: uncorrected 60
blue: cluster correction 50

oreen: + out-of-cluster corr. 40
black: + dead material corr. 30

remaining discrepancy due 10F

to out-of-jet and misclassification 055"

Ereco / Etruth match
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3) CTB Calorimeter Analysis

— 5
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3) Muon Chamber Calibration

Determination of time-to-distance

(r-t) relation, sychronisation, reso-

lution, including mag. field and high-

rate corrections
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space drift time accuracy (um)
w
o

N
(e

—k
o

* Statistical uncertainty of the
- calibration of muon drift chamber
space drift time relationship

required accuracy

0 1000 2000 3000 4000 5000 6000 7000 8000
number of cosmic muon tracks

Need O(1000) tracks per
calibration
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3) Muon Alignment with Tracks

overlap track

For Gpt/pt (1TeV)=10%

Large chambers
Small chambers

need alignment to 30 um

Axial optical lines

Optical monitoring of large chambers, monitoring with tracks of
small chambers, initial alignment with straight (B=0) tracks
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4) Physics: top Quark Properties

* Top quark mass (CSC note T2)

- semileptonic: golden channel

- hadronic: challenging, connected with jet calib.
* pp = tt production cross section

- semileptonic w/o b-tag (safe), w b-tag (better
errors)

* commissioning with tt
- understand/calibrate calorimeter/jets
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4) Physics: top Quark

o, ~ 800 pb = 1 tt/s at /" = 10"/(cm”s)
Selection cuts: 1 lepton p > 20 GeV, = 4 jets (k (0.4))
(p, = 40,40,40,20 GeV), Inl<2.5, E > 20 GeV,

highest-p 3-jet comb. = t, highest-p 2-jet comb = W
Project review 2007 - ATLAS - Stefan Kluth
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[

L

4) Physics: top Quark

Invariant Mass Distribution of the W Boson

+ Jet reconstruction algorithm was run on Monte Carlo truth after hadronization.
* No detector simulation was performed.
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+ Aensirs 9786

Ervdniees 1AG57

. & B OB E B E OB

+ e
o
Fro o
++ #
7 St
] —+

N M f
T -lT‘ -|_
¥ + wop W .
o _-hr _th_w_rassfE] ‘Hi_ i 14
;w_ﬁ' Enrigs 33945 ‘”";f!% Entries 29853
. Mearn o704 wF Mean 0954
RMS 918
"'J.,','::L,m B ST At vyt

D=0.7

tune k jet algorithm for tt analysis

from highest-p, 3-jet mass distribution

extract cross section or mass

backgrounds: W+jets, QCD

D=0.9

\

RS 1814
o ||||I||||I||||I||||I||||I||||I||||I||||
=0 00 M 230 PE0 M0

D—1O

Project review 2007 - ATLAS - Stefan Kluth

Top Quark Mass for L = 97 pb”’
> C : Semileptonic ttbar with €, € = 16.83%
(0} -
V) C Semileptonic ttbar with 1, € = 24.41%
o 350
ﬂ: C Semileptonic tbar with 7, € = 3.53%
ﬂ 300__ : Dileptonic tthar,e = 7.17%
5 C : Hadronic tthar, e = 0.10%
> -
W 250 : WiN Jels Background, & = 8.63%
C ——4——  NGaiNLO leptonic tharc = 13.25%
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E e (ombinatorial + Physics Background
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4) Physics: Higgs & SUSY

Contributions to important searches for SM/MSSM Higgs and SUSY

CSC-2: H — ZZM) — 4¢
CSC-3: qgH, H — 77
CsC-4: (gg,q9q)H, H — WW
CSC-5: ttH,H — bb

CSC-7: A/JH — 771
CSC-8: A/H — ut ™ (co-editor: S.Horvat)
CSC-10: t — bH'", H" — (7w, th)

Standard Model Higgs Boson —

1 L%
g O H—>yy S0
3 a H-> 72" > 41 e
5§ o H-=> ww's v .
£ w2l B qqH > qq WW S v, 1vjj SUSYo
= L 4 qqH - qq > ILTh 20
= B uHH > by
Eﬂ —  Total significance
n 0mt ©
(no K-factors)

contributions to 3 CSC
notes

?‘?Q\*’V

| | |
100 120 140 160 180 200
m, (GeV)

r 1]

2

L B

3

&

0 |- 5
F 4

L 3

Zz
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4) Physics: SM Higgs in VBF

forward E . =
q A' jet g s R e
wW./7 Eforwardjet e = /| forward jet |
W.Z H Jins
J_ forward = - v“v
jet e T
—t

Many variables (E,

,miss
40

topology) = multivariate analysis

20

Use track-based jets to improve
central jet veto

Project review 20

_, lepton/jet ,

) vertices from

- other inelastic

" pp collisions VBF H — WW vertex
0 E—L\a—;/é

—20 L1

—20 W] 20 40 60 80 100 120 140 z (mm)
— — neutral particle
10 = 10 GeV — charged particle



4) Physics: MSSM Higgs

Heavy (large tanf3) neutral MSSM Higgses: pp = (H/A->u*uw) + b-jets +X

good mass resolution, but background from Z decays = use b-tagging

- Events with O b-jets - Events with >=1 b-jet
= tan{p)=40 = 10°F tan(B)=40 Z+light jets
Q pe Z+light jets O Bl Z+b-jets
= Bl Z-+b-jets = Bl
8 B bb{A->uu), 150 GeV
S 10 b{A->uu), 150 GeV =
£ c b{A->up), 200 GeV
b{A->up), 200 GeV W g2
10° bb(A->uy), 300 GeV
bb(A->uu), 300 GeV (A-HAL) ®
102 10
x10° 1 x10°
100 200 300 400 100 200 300 400
m,, (MeV) m,, (MeV)
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5) S-LHC/ATLAS upgrades
* S-HLC = Super-LHC

— major luminosity upgrade (x 10) of LHC planned
for ~ 2015

- some new ATLAS detector components needed
* MPP contributions to ATLAS upgrades

— more rad.-hard Si ID (new Pixel inner layer for
2011/2012?)

— more rad.-hard HEC readout electronics

- faster muon chambers, more rad.-hard readout
Project review 2007 - ATLAS - Stefan Kluth
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5) S-LHC: thin pixel sensors

Problem: depletion E-field rises with rad. damage = O(1000 V) for
normal Si detector (250 um) = thin detectors (50 — 100 um)

Detailed simulations: depletion O(100 V), fast signal, low noise,
sufficient signal (~4000 ¢)

Verification with real test devices needed

Project review 2007 - ATLAS - Stefan Kluth
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5) Thin Sensor Test Devices

sensor wafer

I N I N
| | | | |
handle wafer
1. implant backside 2. bond sensor wafer 3. thin sensor side 4, process 5. structure resist,
on sensor wafer to handle wafer to desired thickness on top side etch backside up

to oxide/implant

HLL Industry: TraciT, Grenoble HLL main lab HLL special lab

Interon chip: charge sharing, CCE, ...
ATLAS Module: bump bonding

Collaboration with Bonn, Dortmund,
Oslo, IZM Interon; RD50

Make 75 and 150 um n-in-n and n-in-p
wafers at HLL and industry

— A. Macchiolo

Test Structures: Diodes, SLID

ATLAS single chip: SLID, ICV pinistrips: pixel isolation
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amplitude ratio

5) New HEC Readout

—
o

o
©

o
o

0.7 cd = 100 pF

Cd = 220 pF

Cd = 330 pF
0.6 15
1073 2 3 4 56784914 2 3.4 567849

neutron fluence [n/cm?]

Expect in 10a ATLAS@LHC 2- 10" n/cm”
Plan for ATLAS@S-LHC few - 10" n/cm?
Develop pin-compatible more rad.-hard cold electronics
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5) HiLum Tests

Plan View

Beam detectors

/‘\‘
AV

|
« i _
o Counting

! \ RACK 2

T T
| 6000 6000 6000 6000 6000

©| = concrete

‘ A S ‘ N oL
€2 & 64) &> \&¢) €D - sted

Fig.1 Layout of the experiment.

First testrun at IHEP Protvino 50 GeV/c p beam 10-17 November
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5) New MDTs

S-LHC: high n/y cavern background = high occupancy

develop fast 15 mm drifttube, more rad.-hard electronics, selective readout

200/— Threshold: 34 mV 30
Test thin drifttubes with cosmics ol WW pccidenal it e mm
140— WW
120+
100— MWJ%
80— MW*
- k
EE B $ ”WNWWWWWM,M\W Mﬂrﬁ
9500 0 200 400 600 | Bbo

15 mm
max. drifttime
~3 x shorter

-
o
=]

TTT T T[T I T TI T[T T[T I T TI T T T TTT[TTT[T

R L A
| —

PR N [T T T N T S T Y SO S S B L
0 50 100 150 200 250

Project review 2007 - ATLAS - Stefan Kluth 36



6) Computing
* Worldwide LHC Computing Grid (WLCG)

— provide resources for LHC experiments on grid

- ATLAS MPP group is member of WLCG collab.
* Munich Tier-2 centre (LMU/LRZ/MPP/RZQG)

- our 2 located/operated at RZG

- plege ressources to WLCG for ATLAS
— ATLAS uses via grid

— other VOs possible

Project review 2007 - ATLAS - Stefan Kluth
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6) Computing

MPP Linux Cluster at RZG ATLAS usage

Tier-2 pledged Tier-3 for

to WLCG local needs MDT calib.

LCG LCG or SGE  centre

Status: ATLAS LCG functions complete (except SRM)
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6) Muon Calibration Centre

MDT calibration centres

each receive 1/3 of calibration stream
provide calib. within 24h to ATLAS

Muon trigger

gl [ calibration centres
" outside CERN

Muon trigger (Tier-2 subclusters

Level 1 ~100 kHz with ~100 CPUs each
| and 5 TB disk space)
p measurement 1
with MDT chambers 31 >~ Michigan
Muonltvrigger calibration /
stream of /5 .
Level 2 ) ~ 2 kHz spectrometer >  Munich (MPI+LMU)
¢ hits around the '\ 4,
, triggering track 3 '
Eventfiter ggering —)> Rom (Uni. 1+3)

Level-3 trigger | 100 Hz

Munich MDT calib. centre is part
of MPP Munich Tier-2 at RZG
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K. Foraz TS-1C-PL

7) LHC Schedule

Upated General schedule — wk 41

10/8/2007

2007

2007

2008

Machine Checkout

Beam Commissioning to 7 TeV

2008

General schedule Baseline rev. 4.0 . Interconnection of the continuous cryostat Flushing
** Global pressure test &Consolidation Leak tests of the last sub-sectors . Cool-down
f i Cool-down Inner Triplets repairs & interconnections Warm up
J Powering Tests . Global pressure test &Consolidation . Powering Tests
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7) ATLAS Schedule

ATLAS Installation schedule v. 9.2b

M. Kotamaki, M.Nessi
10-Oct-2007

Sep '07 0ct07 | Novor |  Decw7 Jan'08 |  Feb'08 |  Mar'08 Apr '08
3703813914041 4243|4445 46| 474849 50] 5152 1 213149 5 6| 7] 8 gjploprirpi2y 1314 1s) 1617 |8
= 2 TGC services < =)
TGC3-A g N EO supports & = g Small %E JF 8 JE
Side A | wheel |2 frames 2 | = [Whee BEE gl [ Side A
i = o] ia - E
B SW-A services o EO chambers
Pumpdown Cooldown O
4 r 5 [7
Endcap Calo A No access tof Barrel Calo A
electronics repair BBA |5 electronics repair
o | |
; - : » . onnection & :
SCT-A heaters installation & testing § Pixel A Conile:,wn ° closing
esting
Barrel T -  FullMagnettests = H Barrel
e . . . o Pixel C connection & .
SCT-C heaters installation & testing o . closing
m testing
o | ||
No access to EBC § Barrel Calo C electronics repair
THeT ' il
, 1 LU
Pumpdown Cooldown &)
- o 3 L1
= E %ﬂ SW-C services Ao
i 0 | 2 2|2 J & ,
Side C ks EQ chambers =1 o |Whee g m Side C
suppo| £ |EO frames . Slic BEE = 8
s | < side C — < 2 8| ¥ 8 JF
m TGC services o =
3703813914041 4243|4445 46| 474849 50] 5152 1 213149 5 6| 7] 8 gjploprirpi2y 1314 1s) 1617 |8
Sep '07 0ct'07 | Novor | Dec7 Jan'08 | Feb'og | Mar'0g Apr '08
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7) Summary

* ATLAS installation essentially complete

* commissioning of hard- and software is top

priority now
* Subdetectors take cosmics data successfully

* Schedules converge for mid-2008!

Project review 2007 - ATLAS - Stefan Kluth
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3) SR1 Alignment

Alignment of SCT endcap disks in SR1

@ma of residuals vs. iterations

L=

or

0E

153

-

04

0.3

0.2

01

i}

#

Dizk 1
Disk 2
Dizk 3
Disk 4
- Disk S
Disk &

» |-
»

Heration

nominal
positions

usage of survey
information

average Residual mean

0.002

0.001

-0.001

-0.002

-0.003

(=

—&— Global Chi2 alignment
—=&— local Chi2 alignment
—#—— Robust alignment

1

h-lll IIII|IIII|
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3) 1D Alignment with CSC data

Fixed Pixel
Detector

Vertex
Constraint

CHI2 cut
for Tracks

TRT hits
forTrack

Endcap Hts

First deal with large displacements, then improve smaller
local displacements
Use vertex and beam spot constraints
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5) New HEC Readout

Develop more rad.-hard
pin-compatible PSB boards

Upgrade possible without
wheel disassembly

HEC-PSB R 2 1 . Limea hes i o P1/Physik £F
BHOS /BBI6 L i @ e i ek L im meaw
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