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Tracker Barrel Alighment

Use 4M tracks for alignment and 1M for validation
The second update on alignment constants delivered 1 day
after CRAFT ended

Mean of residual distributions (cm), sensitive to module displacements

« Only modules with >30 hits considered

 Tracker Inner Barrel RMS = 26jum

| Distribution of the Mean of the Residuals for TIB |

Detector Modules

350

300

250

200

150

100

0

o Unaligned
~—— CRUZET4:
mean =-3 um, RMS= 52 um
—— CRAFT-HIP:
mean =-0 pm, RMS= 26 um
CRAFT-MP:
mean =1.m, RMS= 40 um

0.005 0.01 0.015 0.02
Mean of residuals [cm]

Tracker Outer Barrel RMS = 28um

| Distribution of the Mean of the Residuals for TOB |

=y
=
=]
o

Detector Modules
(-]
]

600

400

200

1

1 === CRUZET4:

s Unaligned

mean =3 pm, RMS= 45 um
—— CRAFT-HIP:

mean =-1pm, RMS= 28 um

CRAFT-MP:

mean =-0 um, RMS= 24 nm

[a——

Aoad o o)

LI b B
0.005 0.01 0.015
Mean of residuals [cm]



@ Pixel Occupancy and Alignment B

| pixel hits in cosmics, B=38T |

Distribution of the Mean of the Residuals for BPIX
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SPD: top vs bottom track |
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Commissioning with Cosmics (||

MUON BEdl = Time
Chambers |[BEFV? L M2 alignment

T ok i rew oo M4

Forward tracks
are aligned

Backward tracks
are skewed
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&) First Turn! 10 Sept 2008

POINT 5
CMS

POINT4 ’PODINT6 10.30 am
etk \ Two beam spots on a screen
/ Y near ALICE indicate |
Pt 2 that Beam 1 has made
\ \ / 1 turn
/ra
Beam 1 P(iltz\lT 1 eam 2
N A 16 Sep 2008 10:14 - _ ”

Updated by Roger Bailey

10:30 : Beam 1 (clockwise) around the ring (in ~ 1 hour),
makes ~ 3 turns, then dumped

15:00 : Beam 2 (counter-clockwise) around the ring,
makes 3-4 turns, then dumped

22:00 : Beam 2 circulates for hundreds of turns ...
Beam Energy: 450 GeV, Beam Intensity: 2 x 10° protons per bunch



http://elogbook.cern.ch/eLogbook/attach_viewer.jsp?attach_id=1025394

Beam RF Capture
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10 September: first beam

" No beam in advance to test synchronization, all was extrapolated from

cosSmics runs.

Active detectors near to the beam pipe (inner tracker, forward
calorimeters,....) were set at reduced HV or off (Pixel det.)

and it worked ... first shots, first detector pictures ...

released in the detector

once beam RF captured, started looking for beam halo
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W—‘ 2008-09-10 00:37 ———ecccesse— ekl

ATLAS 2008-09~10 10:19:10 CEST event:Jive jeometry: <default - Atlantis ‘

Run 87863
event 2627
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Energy Deposits in the LAr EM Calorimeter

Layer n-¢ plots show EM Calorimeter coverage and exhibit the 8-fold structure also seen in Tile Calorimeter.
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ECAL energy from collimator shots

BARREL

17 events where
all active channels
had >5 GeV

Used for internal
synchronization

End caps are not
calibrated =lower gain
photodetectors nearest
the beam pipe
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Experiments will each acquire about 10 Mllllon Gigabytes of data each year
(about 20 million CDs!) to be sent to all collaborators all over the world !

Transfer of data from CERN at 10 Gbits/s rate to 11 world-wide computing
ATLAS centres then to 200 smaller centers organised in “cloud”

LHC data analysis requires a computing power equivalent to ~100,000 of
today’ S fastest PC processors (See session 2 talks)

; "
0 Et?on:ed ggf oped by e-Science, HEP

B Impenal g ollege




LHC Incident on 19 Sept. 2008

A few days of downtime to replace a failed power converter were
being used to complete the final powering tests in sector 3-4

During powering test of the last main-bend circuit to just above 5
TeV an incident occurred resulting in the triggering of quench
heaters of about 100 magnets and a large He discharge into
the tunnel, provoking a shock-wave within 2 cells (about 300
m)

This resulted in collateral mechanic
damage in a part of this sector

The cause was a faulty electrical
connection between two magnets,
and the repairs are ongoing,

53 magnets have been removed
to be repaired and reinstalled

2 other magnets will be replaced



Collateral Damage
1. High pressure build up damaged the magnet interconnects anc

the super-insulation
2. Perforation of the beam tubes resulted in pollution of the

vacuum system with soot from the vaporization and with debris

from the super insulation.
Lots of work ongoing to repair and add many protection to reduce

the potential risk and collateral damage effect




What is next (experiments desiderata) ?

Year 2009 2010
Manth FM A M) J A S ONP )] FIMAMI I A S5 ONID I FIM

SH |

Base' SH S5H SH SH S5H S5H 5H SH |SU
44 weekd physics posgi

SH SHSH SH sH

beam
L stable beams
commissionin shutdown

4t05 TeV g (physics)

. . > 6 TeV
\/\ push intensity
with Xing angle \/\

colls 900 GeV colls at Enigh l

| \f Phys at Ep;g, Phys at Ep;g,
156b, 3m

50ns, 3m
run Ph o
(Aati e ys at Epign
1 l run 2 + HI consolidation , hwe for Ejg, 50/25ns, 2m

- v we will be running over winter (~10 months)
Ogtoberg v' 4+4 going to 5+5 TeV in 2010
2009 v' ~100 pb! to match today’s Tevatron statistics
v' ~200 pb to open discovery windows



Data Sample in 2009/2010

Energy:
10 TeV centre-of-mass energy for physics
8 TeV "on the way” to 10 TeV

Small data samples at 0.9 TeV (injection energy) and
perhaps 2 TeV

(mainly for earlier timing-in/commissioning of detectors)

Luminosity:
5 x 103! cm-32s-! to 2x1032 cm-2s-! peak
With 200 days and 10% efficiency ~200-300 pb-!
Quite a large uncertainty...



Early Physics Roadmap

Higgs discovery sensitivity (My=130~500
GeV)

1 fb-1— Explore SUSY and new resonance to O(TeV)

§

L 4
2

Accurate in-situ alignment & EM/Jet/ETmiss

calibration 10 TeV
100 pb-1—| Understand SUSY and Higgs background from SM 2010

Initial SUSY and MSSM Higgs sensitivity (E;~2 TeV)

*
[ |
L J

A d

10 pb-1 Initial detector & trigger synchronisation,
commissioning, calibration & alignment,
Test beam, cosmic material
runs, pre- Wsé SM processes as “standard candles”
alignment & ) Search for extraordinary new physics

calibration ... o signatures
i time

Recall: 1 pb™ =103 cm=
1 second at £ = 103t cm=2s! > [Ldt= 105 pb!
10h running day at £ = 103! cm2s~! > [Ldt = 0.36 pb-
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d c/dndETIq o (nb/TeV)

... then look for the first physics
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Early data analysis mostly focus on

1.

2.

SM:

understand performance of
complex detector

measure basic SM processes and
compare to theory and simulation
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=LHCDb
= Selection on LO-

frac_mass = 0.1437 £ 0.0052
p0 = -0.26175 + 0.0018 GeVic’

Gall mass = 3,00570 4 0.00046 GeVie’
Gau_res = 0.01103 + 0.00041 Gevic’

= triggered minimum
= bias MC events

S/B~2.95
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oy ~ 250 pb for tt > bW bW — blv bjj
Note: 64 (LHC)/c(Tevatron)~100

v’ use simple and robust selection

cuts:
« b

pr (1) > 20 GeV

E;miss > 20 GeV

only 3 jets with p- > 40 GeV 6., ~ 250 pb

1 jet with p, > 20 GeV "
W
v' no b-tagging required (too early to " %
*2)

begin with ...) !



" dn, (100pb™)

fa—
=

S 8 2

=

Early top physics

bl

-

= & 28 2

=
[—]

100 pb-!

M(3jets) GeV

- commission b tagging

Invariant mass of the 3
jets with largest 3 pr

(~3000 evts for 100 pb1)

— measure o, to ~20%

- calibrate the jet enerqgy scale using W — jj peak

- tune various MC generators (e.g. using Pr spectra)

Then, SUSY, Higgs,....



LHC Upgrades (sLHC)

e See A. Rozanov talk

12

10 ——

Phase-2: to 10%

"W phase-1: to 3x10* over ~4y

ity {x 10734 fecm~2/[s)
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Phase-1:

Machine:
* Injector upgrades
* New inner triplets
(focussing magnets
at experiments)

Experiments:
* Pixel det. upgrades
* Modest trigger &
readout upgrades

Timescale is optimistic -
not adjusted for LHC



Conclusion

LHC is on its way to start its physics program fall 2009

After a few improvement performed during the shutdown, all 4
experiments have never been so ready to go !

After 15 years of intense work, at the edge of an exciting
new era for particle physics

Program will continue for at least the next 10 years
R&D program for sLHC ongoing
Our future looks bright for new discoveries

Need lots of good physicist to look at those data
Room for excited students to participate to a new adventure

Strong cooperation program between France and China very
fruitful for getting the best physics out of those data
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Easiest .... Heavy di-Lepton Resonances

1 fb

10

10

Events/10 GeVil b’

| RO |
10 O |
flig .HP ....... al
10 F I' '
H].- I | I 1 WA
500 1000 1500 2000
m(ll) GeV

Ultimate ATLAS reach (300 fb1): ~ 5 TeV

Z'—~e*e with SM-like couplings (Zssp)

Mass #events for 1 fb-! discovery Lum.
(after all cuts) (10 observed evt
1 TeVv ~ 160 ~ 70 pb-!
1.5 TeV ~ 30 ~ 300 pb-!
2 TeV ~7 ~ 1.5 fb-!

Discovery (10 events p*u-, 1TeV, >50)
with 100 pb, possible at E.,=10 TeV
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What about SUSY discovery in 2010 ?

Finding the signal already at 100-200 pb-! should not be a problem
— the problem is to be sure it is

real
,.ETmiss
) O T | e
Q0
S 100 pb! 1
e 10°¢ ® all BG B
- u ® tt ]
£ r KL ow -
S10°E e, éCD E
R s S5a ]
0L =‘=|_1 m~1TeV i
= == ]
1:_ —— -
- A | PrellmlnarY ——— E

100 200 300 400 500 600 700 800 900
Missing ET [GeV]

50 discovery beyond current limits possible with
~20 pbt at 10 TeV



... and finally the Higgs

g . e m, < 120 GeV: H — bb dominates
e 130 GeV <my<2m,: H—> WW?, 227

emy> 2my:1/3H 22, 2/3H— WW

e /mportant rare decays : H — yy

| SM Higgs Branching Fractions (HDECAY 2.0) |

\§ g
e ; N 15

Branching fraction
=
|
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HD

WW, ZZ fusion =9 I f 10"

: -."_ZDZD
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Higgs mass (GeV)




evis/ 5 GeV

A light Higgs will not be easy at the beginning

- = D W ol tn 2N =1 o8
T T T T T T T rrTd I ITTTT]TTTT T

my ~ 120 GeV

Events .-;ﬁ? (BT
g

E

ATLAS qqH — T

80

100 120 140 160 180
m_ (GeV)

ATLAS, H — vy

100 fb!
%Hhr It will need a perfectly

on ~ 1.4 GeV  understood detector in

\\ terms of photon
oo identification,
'-~_y\ calorimetry, tracking, ....
a5 130 mTr ch\,rElE

BG dominated by
irreducible 2011 ?
components



M, > 130 ... is easier

my > 130 GeV H — 2Z(") — 4] (gold-plated), H > WW®) > v Iv

H—> ZZ* - 4l, 10 fb!

E [ Hes 7Z¢ 4 ATLAS preliminary, 1
w 10 selections not —
g  HHiggs optimized .
¢ s MZhb ]
mo[ Wl .
6 .
4 .
o '
B T R R N il | Oy i

% 100 150 200 250 300

May be observed with 3-4 fb!

2011-2012 ?

m,, (GeV)

H — 4l : low-rate but very clean : narrow
mass peak, small background
* requires:
~ 90% e, u efficiency at low p;
o /m ~ 1%, tails < 10% —
good quality of E, p
measurements in ECAL and tracker
 background dominated by irreducible
ZZ production (tt and Zbb
rejected by Z-mass
constraint, and lepton isolation
and impact parameter)

H —> WW — Ivlv : high rate (~ 100 evts/expt)
but no mass
peak
— not ideal for early discovery ...



