[LHC is back !

m The year 2008/2009 saga in few slides
m First collisions in ATLAS detector.

m Physics goals in next months

Large part based on presentations by S. Meyers and A. Hoecker shown at the meeting
CERN, ,LHC, week 17, 26 November 2009.

http://indico.cern.ch/conferenceDisplay.pyrconfld=74907

E. Richter-Was, IF UJ/IF]-PAN Cracow-Warsaw meeting, 4.12.2009



Beam energy 7 TeV

Design Luminosity 1034cm—2s-!
- | Bunch spacing 25 ns
? Particles/Bunch 10 x 2808 bunches
8| SC Dipoles 1232,15 m, 8.33T

E. Richter-Was, IF UJ/IF]-PAN Cracow-Warsaw meeting, 4.12.2009




Situation as of October 2008

First beams - September 10, 2008

After Sept 10

Successful continuation
of commissioning with beam

(low intensity, 10° protons)
Sept 11:

Switched on RF for beam 2
circulating beam for 10 min

Many tests (orbit, dump,..)
Sept 12:

Measure horizontal beam
profile with wire scanner

Evening: transformer failure pt8
replacement + recovery

== =

Continue with machine checkout ——————
(without beam) e | o

Problem in Sector 34

Friday, Sept 19

+ Commissioningwithout beam of final sector for 5 TeV operation

* Faulty electrical connection between two magnets

* Leading to large helium leak into the tunnel

+ Sector has to be warmed up (started, takes several weeks) before
diagnosis and repair can start, then cool down again (several weeks)
— runs into winter shutdown

» Restart of accelerators spring 2009 - LHC beams to follow

E. Richter-Was, IF UJ /IF]-PAN
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S.Myers

‘ LHC damages CERN December 2009
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Beam bunches (2x10° protons at 450 GeV) stopped by (closed) collimators upstream
of experiments — “splash” events in the detectors (debris are mainly muons)

tertiary |
collimators Beam pick-ups (BPTX)

140 m (175 m)

~ 2008-09-10 00:37

LlCan Stream

ATLAS 2008-09-10 10:19:10 CEST event:Jive gyeometry: <default> Atlantis

Flr'sT ATLAS
{ beam splash
event, recorded
10 September
10:19 am

"""" Bl ~ 100 TeV in
| the detector !
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Cosmic Muons in ATLAS __toms
N (N ”\,\'\3\\\\ #s“ - I o d/ S f
A\ \ ! \ / Simulated cosmics flux

N '
&% \-\ X n ‘rhe ATLAS cavern

Real Cosmic Event

Muon impact points extrapolated
to surface as measured by
Muon Trigger chambers (RPC)

(Calorimeter trigger also available)

Rate ~100 m below ground:
~ O(15 Hz) crossing Inner Detector .
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S.Myers
CERN November 2009

RRESENNEEN 1. LHC repairs in detan

54 electrical interconnections
14 quadrupole magnets 39 dipole magnets fully repaired. 150 more Over 4 km of vacuum
replaced replaced needing only partial repairs beam twbe cleaned

A new longitudinal Nearly 900 new helium pressure 6500 new detectors are being

restraining system is being fitted release ports are being installed added to the magnet protection

to 50 quadrupole magnets around the machine system, requiring 250 km of cables
to be laid

+ cryogenics!



‘ LLHC running scenario 1n 2009

S.Myers
_ LHCC September 2009
Endof Physics,
SPS, PSS, AD,
nToF, Isolde
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E. Richter-Was, IF UJ /IF]-PAN

+ All dates approximate...

» Reasonable machine availability assumed

Cracow-Warsaw meeting, 4.12.2009



LHC beam commissioning — T

1TeV 25e11 25e10
35TeV 24el10 probe

Global machine checkout

Ramp commissioning to 1 TeV

3.5 TeV beam & first collisions

~one month to first collisions
S.Myers .

LHCC September 2009 T
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Friday November 20
18:30 Beam 1

— 19.00 beam through CMS (283, 34, 45)

« beam1 through to IP6 19.55 Starting again injection of Beam1
» corrected beamto IP6, 7, 8, 1
— 2040 Beam 1 makes 2 turns  2h10 for 27km: 12.5km/h average speed

« Working on tune measurement, orbit, dump and RF e e e e
« Beam makes several hundred turns (not captured)

— Integers 64 59, fractional around .3 (Qv trimmed up .1) r//,, -::\Y"f

— 20.50 Beam 1 on beam dump at point 6 7 \\
21.50 Beam 1 captured S =

22: 1 5 Beam?2 N\ e g

— 283.10 Start threading Beam2 “ \‘?f—“’—*’;f |

* Roundto76521

— 23.40 First Turn Beam?2 1h25 for 27km: a bit faster

« Working on tune measurement, orbit, dump and RF
- Beam makes several hundred turns (not captured)
— Integers 64 59, fractional around .3 (Qv trimmed up .05)
— 24.10 Beam 2 captured

S.Myers
CERN November 2009 29



LHC is back!!! S.Myers

CERN December 2009
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Beams and first collisions

Andreas Hoecker (CERN) on behalf of the ATLAS Collaboration
CERN seminar “LHC, week 1”, Nov 26, 2009

CERN — Nov 26, 2009 ATLAS — Beams and first collisions
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ATLAS o
Detector

45 m
e N

ATLAS SUP"-"'imPO.S""?I o Muon Detectors Tile Calorimeter Liquid Argon Calorimeter
the 5 floors of building

40

24 m <

E. Richter-Was, IF U

Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker



Nov 20 - 23: beam history from ATLAS perspective

Friday, November 20:
~ 20:30h: beam-1 threading = 6 beam splashes to ATLAS
~ 22:30h: beam-2 threading = 7 beam splashes to ATLAS

Saturday, 21 November:
~ 1h: beam-2 splashes to ATLAS = 27 events (side C)
~ 4h: beam-1 splashes to ATLAS = 26 events (side A)

Sunday, 22 November:
~ 6h: 15 splash events to test beam abort by BCM = successful

Monday 23 November:
~ 6:30: last series of splashes to ATLAS=> 25 events (side C)

~ 13:30: two beams injected for collisions at IP1 and IP5 P Han el

~ 14:22: first ATLAS collision event seen

CERN — Nov 26, 2009 ATLAS — Beams and first collisions 3




Detector fully operational

ATLAS DETECTOR CONTROL
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CERN — Nov 26, 2009

Setup for beam commissioning
- Pixel off
- SCT (standard bias voltage 150 V)

« Standby Vis 20 V = ~50% hit
efficiency (increases with
incidence angle)

» Barrel and endcap increased
to 50V for short stable beam
periods during collisions

« Barrel voltage sometimes
lower than 20V for beam set
up (eg. splash events)

- All other systems ON

- No solenoid field, toroids ON

CSC running in separate DAQ partition
for rate tests




1st Beam Splash
from Beam-2

Avalanche of scattered particles
from beam-on-collimator hits

Detectors fully lit, typically

2009-11-20, 23:32 CET
Run 140370, Event 2666

' J/—\ﬂj ./—.;\)

o L™

X
Beam-splash events

300,000 SCT hits

350,000 TRT hits
(~all passing high-threshold)

3000 TeV calo energy sum
490,000 MDT hits

320,000 RPC hits

65,000 TGC hits

B EYPERIMENT

CERN — Nov 26, 2009 LAS — Beams and first collisior S







Indeed ... why do it again ?

Timing and beam-abort tests!

« Triggering on splashes: ATLAS received and triggered on 106 splashes

_ [ Correlating ATLAS Beam Data with the LHC Logging DB
E 1.2 :—E ]
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------------ ATLAS 'beam-splash’ event

— Beam-1 loss monitor before ATLAS

— — — Beam-2 loss monitor before ATLAS

e Gollimator position for beam-1 (1 = open)

— — — Collimator position for beam-2 (1 = open)
Relative beam intensity in transfer line TI2

———— Relative beam intensity in transfer line TI8

g‘hﬂ-ﬁ 775 7755 776 7765 777 TI.I5 T7.8 7785 779

CERN — Nov 26, 2009

UTC time (hours) starting from Nov 20 2009, 00:00:00

Thank you LHC —
we've taken them all |



Indeed ... why do it again ?

Timing and beam-abort tests!

Beam splash events also measured by ATLAS very forward
detectors (LUCID z = 17 m and ZDC z = +140 m)

— Fomward Deteclors

Time Rang= '] Y les - Save Cither = 11 | e Jaum
LUCID A 050 LLrZwZ009 1L 31,00 A 452 LICDC OO0 111252008 1131, 0B A 432
| ZDC A 000 11/3SE008 L1131 10 AM ATS Mmoo 000 11)35E00E 1131 10AM AT
-— _II R
ZDC C
3 = —_g". E
= R, iy
2 - _: i L el ZDC A
g‘ :3__5 —3 e ol s am
JER ermleren s esigtorottt LU .. || LUCIDA
i 1 I LI ) i“!l T iu im L] LI | rrry I
OSACIAW  CG5000AM O 0OODAM  ORLOO0AM  ORZODDAM  OG3000AM  OGADOOAM 06 S000AM LUcCID C
1L 008 1LIE2008 1LE%3 00 1L w009 112008 1LEFI008 11382008 1LE2008
L1{25)2009 11 31,00 AM 138 LUCIDA .50 LUCID G .00 IDoca 0.00
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Indeed ... why do it again ? Timing and beam-abort tests!

Beam abort test using dedicated diamond Beam Condition Monitors
was successfully conducted on Sun, 22 Nov at 6:34, and no fake abort!

Total number of All BCM hits in Low gain channals va bunch number (full buffer)

5F—

Lowered threshold: 6:34:30
~2-2.5 MIPs

4

3

1 _l_ 1 11 J_I P S N 1 T L1 |_|_
l["l[J &00 1000 1500 2500 0090 2000
Buneh numbear

CERN — Nov 26, 2009 ATLAS — Beams and first collisions 11



Timing studies with beam-splash events (Inner Detector)

« Inner tracking systems:

- SCT already well timed-in from cosmics and known cable lengths (better than 2 ns)
- TRT boards timed-in to better than 2 ns

Beam-1 arriving from A-side: timing as TRT Barrel: plot made with collision timing
collisions for C-side, but wrong for A-side - sensitive to ToF effect on Inner Boards !
= | LB B 0 M L B B = | o
& r : - = |_ ]
o . F ™ 1 £ 1000 £
E 0.5 pLL —— — o
= [ w ] = =
c N E == 7 ..E
L Ll - -
C - ] m
@ - - .
T I 03 e ]
— L £ : —a— - ]
02— . : -
- C-side A-side -
011_ ; __ -Eﬂn
E__++...-.-+_._++§ ATLAS preliminary
e 1 I 1 ] I I 1 1 1 | 1 1 1 | 1 1 1 i 1 1 1 | 1 1 1 I 11 1 I 1 1 1 | I_
4 £ -4 2 0 2 4 6 8 1000, R
Endcap disk 1000 500 O 500 1000 O
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Timing studies with beam-splash events (Calorimeter & Muons)

LAr Timing: MDT Timing:
After 2008 beam-splash data taking and Synchronize all chambers at a given z
analysis of many millions of cosmics using the synchronous front of splash
events, timing good within a few ns particles and the very large particle flux
Entries gaa ¥ 200 —— Bamel Inner
Mean -0.09316 g —— Barrel Middle
- RMS  0.7565 g o e
bl
£ 100]
" g 50—
0
1 F ATLAS preliminary

-25000 -20000 -15000 -10000 -5000 0 5000 10000 15000 20000 25000
Z Pasition [mm]

ns
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Timing studies with beam-splash events (Calorimeter & Muons)

LAr Timing: MDT Timing:

After 2008 beam-splash data taking and Synchronize all chambers at a given z
analysis of many millions of cosmics using the synchronous front of splash
events, timing good within a few ns particles and the very large particle flux
F { Entries BAR ] % annl ——— Raral Innar | |

ATLAS now well timed in for collisions

E
= L] 2
u /
ATLAS preliminary

ATLAS
preliminary

a =26000 -20000 -15000 -10000 -5000 o 5000 10000 15000 20000 25000
ns Z Position [mm]
CERN — Nov 26, 2009 14




Single beam, two beams,
two synchronised beams,
colliding beams, collisions ?

. Candidate
. Collision Event

-

CERN — Nov 26, 2009 15




CATLAS

_f-. EXPERIMENT

2009-11-21, @9:17 CET
Run 148378, Event 2780




We were lucky - shortly after colliding beams
were announced, at 14:22 an interesting

event appeared on our screens




CATLAS
4 EXPERIMENT

2009-11-23, 14:22 CET
Run 14@541, Event 171897

Candidate
Collision Event




Two beams in the machine, how to detect a collision event?

« Trigger synchronized with beam pickup signals (suppresses cosmics)

« Separation of beam-related backgrounds and collisions via timing
measurements on A and C sides of ATLAS (ToF)

d L Flasiic
Rcinill@iwm

uuuuu

- Use minimum bias scintillators (MBTS) in forward regions
(use also multiplicity)

- Use precise Liquid-argon endcap calorimeter timing

LAr calorimeter:

MBTS: At(A - C) ATLAS preliminary At(A - C)
v 200F )
+ - Mean: 1.1+0.1ns
@ 180 two beams 50 mp:naw Sigma: 1.5+ 0.1 ns
** 15“; = 3Ingle Deam
140F —— single beam 2
120F
sof
60[
a0}
20f
T 20 0 20 a0 %o 40 30 20 -0 _ 0 10 20 30 40 50
ns Time andcap A - Time endcap C (ns)
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Two beams in the machine, how to detect a collision event?

« Can also use TRT timing g
© of. C-side A-side
E —
=
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A A X e
£ s T
A beam-related background event £ a5 % N
. . ® - ot s b
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7TE (GeV)

5
3
1

Candidate
Collision Event

D

A EXPERIMENT

2009-11-23, 14:22 CET
Run 140541, Event 171897

http://atlas.web.cern.ch/Atlas/public/lEVTDISPLAY/events.html
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Can we prove that our background separation works?

« The ATLAS beam pickups showed a phase inconsistency of 900 ps
causing the primary vertex to be shifted by -13.5 cm in z

« Based on this information, at around 14:50, the LHC operators performed
an RF cogging to correct the z positioning of the beam spot at IP1

Before RF cogging - After RF cogging
- Applied shift of 900 ps
providing vertex shift of +13.5 cm

FRoekyCd  PIRhaseCoy
-5.953h8

Beam pickup scope shots, beam 1 & 2 Bunches stable within 20 ps (RMS) !

23



Can we prove that our background separation works?

« ATLAS has taken data before and after the RF cogging

« Must observe shift in z, of tracks if indeed we select collision events!

[7)] 20 :' L DL L L L I: Track zu
8 1gb ATLAS preliminary Enwios  65)] distribusion of
% ' "F  Condidato Colision Events un 140541 Mean 4538+  collision
L 1o =EE i< RMS 93.9 [ di
= - ——®—— LBN>145 _ 1  candidate
O {4 N__trackhits>10 I Entries 49 | events taken
© [ Ny trackhits = 6 Mean -163.B E before and
E 1 2 E Idﬂl < 10 mm i RMS 58.18 E ﬂfter RF
E 1of - cogging
< g —
- ] Observed
61 < shift: +¥12 cm
4 E
2H | glg S =
0 - rl - | h FEsE B ié:ﬁ OO AR .

200 -300 -200 -100 O 100 200
Offline track Z, [mm]
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Run 14054171
Event 184417

- Looking at
| properties of
. collision
events




Properties of collision events

« Sum of calorimeter transverse energy compared to random events

Total energy in calorimeters (clusters) e ella e o
;.1 02 _ Entries 210
- - .. Mean 8.8 GeV
9 - - ATLAS preliminary | - ua 52 GaV
Iy = noise Random Tlrigger
e r - Entries 109224
ﬂ — _ Mean 01 Gal
£ H J[ i' RMS 0.6 GeV
ol
' I
8 I
g |
= | !
=z
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Properties of collision events

« Missing transverse energy components compared to 900 GeV minimum

bias Monte Carlo (solenoid field ON)

10°

10

ATLAS preliminary
T T T T 1 T+ 1 171 | h_Topo_METx
E_ Entries 210
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Tracking (challenging w/o Pixel, limited SCT and solenoid field offl)

* Without solenoid field no separation of tracks by momenta

« Fit impact parameter in a “silver-plated” sample with SCT >= 20V and
number of SCT hits >= 6 (46 events)

Scatter plot of hits on tracks (barrel, 46 events)
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Run 140541 .‘;4_;4..»;*;1;1<;71;-" ATLAS preliminary -
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Two jets back-to-back in ¢, both with
(uncalibrated) E; ~ 10 GeV,

n of -1.3 and -2.5,

~ no missing E;
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How much luminosity did we collect? Naive estimate

* With a tight calorimeter-based timing selection, cross-checked by the MBTS and

TRT ToF measurements, we have identified 197 golden collision candidates from
run 140541 of Nov 23

*» We separate this sample into 2 parts (afternoon=A, evening=B) of different
beam conditions

*» From Monte Carlo (solenoid field on) we find that the selection efficiency,
including trigger, for inelastic and diffractive minimum bias events is about 70%

* Using as total minimum bias cross section of 58 mb (40 mb inelastic, 12/6 mb SD/DD):

Number Average Average inst. Integrated
nf events duratmn rate luminosity luminosity
54mins 0.03Hz 0.5x10¥cmZs1 1.5 mb?

n 136 46 mins 0.07Hz 1.2 x 10%cm2 51 3.4 mb-!

Cross checks: = Assuming that e=0% for SD and DD 2 increases luminosity by 10%
» change inelastic cross section to 34 mb = increases luminosity by 15%

CERN — Nov 26, 2009 ATLAS — Beams and first collisions 30



Final words ...

ATLAS welcomes the beams - experiment and collaboration
are ready for physics!

What | did not mention: the data acquisition system, prompt
reconstruction and the worldwide data distribution worked

smoothly with collision and the huge beam splash events.

First collisions at 900 GeV have been recorded, and were a
phase transition for ATLAS.

We are looking forward to lots more data, with the solenoid
field on.

Again, thanks to the LHC team for a spectacular restart !

CERN — Nov 26, 2009



Plans till the end of 2009

This weekend, 5-7 December, collisions with
450GeV beams, expect to collect about 1mln of
minimum bias events

Decide on 7-th December on schedule for next
week

0 Continue with 450 GeV beams for next few days
0 Ramp energy to 1.18 TeV /beam
0 Few shifts of collisions with 1.18 TeV beams

LLHC beam OFF on 17-th December

E. Richter-Was, IF UJ/IF]-PAN Cracow-Warsaw meeting, 4.12.2009 43



Physics at 900 GeV

14 TeV 900 GeV
Total LHC inelastic (NSD) o 70 mb 40 mb
Total LHC bb cross section 500 ub 25 ub
jet p>15GeV |n|<2.5 24 ub
Min bias — u6(5) X |n,|<2.5 10000 nb 1400 nb
b-jet p>15GeV |n|<2.5 370 nb
jet p>50 GeV |n[<2.5 45 nb
bb — pu6(5) X In,[<2.5 4000 nb 60 nb
bb — pu6(5) u3 X In,[<2.5 200 nb 2 nb
pp—> Y (n6(5) p3)  ny|<2.5 9 nb 1.7 nb
pp > J/y (p6(5)p3) X In,<2.5 28 nb 1 nb
b-jet p>50 GeV [n|<2.5 0.63 nb
bb - J/y (p6(5) p3) X |[n,|<2.5 7 nb 0.1 nb

Assuming ~ 1 nb-! @ 900 GeV (3 days at 1028 with 30% efficiency):
~>collect ~20k jets, ~100 b-jets, few tens of muons, very few electrons




LHC 2010 — very draft

hldar

——==J 1 | . 2009:

Jume

* 1 month commissioning

« 2010:

* 1 month pilot & commissioning
« 3 month 3.5 TeV

* 1 month step-up

* 5 month 4 -5 TeV

* 1 month ions

S.Myers
Arsaummmeimm L HC 2009 - 2010 LHCC September 2009
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__ Expected number of events in ATLAS for 100 pb-! after cuts
(preliminary estimate - fast simulation)
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At sqrt(s) = 7 TeV and 200-300 pb!: LHC has discovery
potential beyond Tevatron reach for some scenarios

(~1TeV 2, ~450 GeV SUSY, ...)



Physics with reduced centre-of-mass

energy

Luminosity equivalent to 100/pb at 10 TeV

2

z

= & & &2

g

SUSY exam

| 9
Ecm / TeV

10

E. Richter-Was, IF UJ /IF]-PAN

Cracow-Warsaw meeting, 4.12.2009
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Collisions: a physics

Roadmap

1fbl

100 pb! |-

10 pb? |

Test beam, cosmic
runs, pre-alignment
& calibration,

Situation as of December 2009

Higgs discovery sensitivity (M;=130~500 GeV)
Explore SUSY to m ~ TeV
Precision SM measurements

Sensitivity to 1-1.5 TeV resonances — lepton pairs
Understand SUSY and Higgs background from SM
More accurate alignment &-EM/Jet/ETmiss calibration

PEAd
.*®
.

Search for very strilgiﬁé new physics signature

Use SM processes as “standard candles”

Initial detector & trigger synchronisation,
commissioning, calibration & alignment, material

Ll
K

extensive
simulations ...

B Richter-Was, i U7~ PAN

v

time

Cracow-Warsaw meeting, 4.12.2009
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.. and a final toast !




SPARES

E. Richter-Was, IF UJ /IF]-PAN

Cracow-Warsaw meeting, 4.12.2009
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The first 10 pb-?

1 pb! is ~3 days of data at 103! cms!, with 30% efficiency

PP/pp cross sections

107 Al mSaLy
Process Events (10 pb1) o S 0 T
minimum bias ~ o0 101 £ %
5 07y : T
W-ev 10 il 5
L—ee 104 o' ' o -
Tt 103 10"% o
_ ll]sé' G.ﬂl'l'ljﬂ> V5200 ,/’///:,/;;//’f
= 107;' o Ow—" ,7///
o 6? _ o7~ /\< /
10 ’ csjt.ttE,{fi 100GeV) >
10°F 3
Focus: //>
1. Establish SM signals " Oi
. . 12 Oje(Eq >Ns/4)
2. Use them for detector calibration N >< ><
(l/tag and pI‘Obe“) l?_GHiaz:ﬂ“\'lH:lSOC'e“
3. Tune MC CHomomosen /|
4. Perform basic cross section M; . 10*
Vs (GeV)
measurements o
Examples —

5]{3. Richter-Wias, IF UJ/IF]J-PAN

Cracow-Warsaw meeting, 4.12.2009
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Minimum bias

Charged particle density Charged particle density at n =0
= B o 8
Eg ———  Pythio6.214 (CTEQSL tuned) L':.
ﬁ ______ . y
Z 7 Phojet1.12 (GRv94L) s 7 PYTHIAG.214 (tuned) /
_l_,_ 4
LHC pr'ed - PHOJET1.12 (default) /// -
O
5 A UAS 53, 200, 546 ond 900 GeV ///J,"
5 5 © CDF 630 and 1800 GeV
4 4
3 3
) LHC
2 L
NSD dota ----  0.023In%s) - 0.25In{s) + 2.5
1 ® CDF (1.8Tev) - 0.27In(s) — 3.2
O UAS (200 GeV) 1
° 0
0 1 2 3 4 5 6 7 e e o

Vs (GeV)
Energy dependence of dN/dn ?
Vital for tuning Underlying Event model ® PYTHIA models favour In2(s);

Important for all analyses e PHOJET suggests a In(s) dependence.
Only requires a few thousand events.

5%. Richter-Was, IF U] /IFJ-PAN Cracow-Warsaw meeting, 4.12.2009 52 52



J/¥Y

High cross-section

Very useful for tracking / muon
tuning and data quality

O(10k) J/¥ — np per pb
Measurements also feasible with
very little data...

ATLAS preliminary

10°
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o F B Direct onia -
19_, i Ml Drell-yan
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7 8 9 10 11 12
Mass (GeV)

With 1 pb could already measure
R = o(bb->]/¥)/c(pp->1/¥)

with <5% statistical precision
provided: muon trigger working;
tracking understood well enough

5%. Richter-Was, IF U] /IFJ-PAN Cracow-Warsaw meeting, 4.12.2009 53

53



W/ Z in Ieptonlc modes

:QSDU I I L L

= - > I T T T
B ] 810 = J
%000 - Z—) ete ATLAS ] Ok W—) ev —Wev,
5 F 1 — = 2 T 50 pb-! ----QCD
E‘E - 50 pb p c | P ——WTV,
500 P I Extrapolated Backgroufd g o ] Zee
- I signal ] ol [ e —
5000E- Il QCD MC stat (x 50) _] et TETE H ]
1500 - - 7
£ ] 10" =
1000 ] e ]
500 =
- I I = 1072 A - L pu E|E: I : II: aoW|n
00 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120
Invariant Mass Mee (GeV)
M., [GeV]

25 k Z—ee for 50 pbl

clean signatures, high statistics

Quickly dominated by systematics

Initial precision of W/Z cross sections 4-5%

oc(W->lv) ~20nb, o(Z->Il) ~2nb

Differential NNLO calculations, <2% theoretical error on acceptance

5%. Richter-Wias, IF UJ/IF]J-PAN Cracow-Warsaw meeting, 4.12.2009 54 54



Top

Top (tt) NLO cross-section
at 14 TeV ~ 830 pb (Tevatron ~ 7 pb)
Invaluable channel for data-driven calibration
« can select without b-tags
« commission b tagging
« general performance
« calibrate the light jet energy scale with

W—jj
- i T T T 3
§ 350 > 20F
= |
o 300) E 200 -
é 250] E -
5 200 g " E
s I
o 150} 2 j0of- .
- o r
E 100} — -
E : 1 3 -
~# Clear W peak! Z G '
: 10 60 0 00 120 140 LT 0 200 250 300 3O
M,(GeV) M, [GeV]
5E5,. Richter-Wias, IF UJ/IF]J-PAN Cracow-Warsaw meeting, 4.12.2009 55
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Early discovery:
a harrow resonance decaying into ete?

Various models predict heavy resonances decaying to leptons

ATLAS preliminary Z’ Discovery potential
2 [ ATLAS 1 ]
gl 1 fb- :
£
E 1 E
© = ] p—
B C ] v
- 0
° t Jr+ 1 | =
- 1 H, 1 |
10" g f <413
- 5 ‘ - 18
- S T i c
- \ ~ - —
_ Xty g
10_2 — \\ I | = 31
F——1TeVZ , - parameterization ~U :
~—— Drell-Yan - parameterization Y ]
. . \ ’ H
- t 1TeVZ g ATLAS simulation c </ l | |
v bevvn by b b b b b Bl b Bl b 10'2 —t 1 —1—— 1
500 600 700 800 900 1000 1100 1200 1300 1400 1500 1000 1500 M 2002; v 2500 =000
M (GeV) ass [GeV]

- signal is (narrow) mass peak on top of small Drell-Yan background

e with 100 pb! large enough signal for discovery up to m ~ 1.5 TeV
(10 TeV) ~ Y2 o(14 TeV)

e ultimate calorimeter performance not needed
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