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Status of the LHC - Outline

Introduction
o The Large Hadron Collider and experiments

LHC commissioning
o0 Machine performance to date
o Physics expectations for 2010-11
o Commissioning the LHC experiments

First physics results and perspectives
o Mainly showing ATLAS/CMS
0 Basic event properties, QCD jets
o Initial B-physics
o W, Zand top
o Into the future — Higgs, SUSY and beyond

Summary/outlook
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The long road to the LHC

» 1984: First LHC workshop (Lausanne)

o0 Use of the 27km LEP tunnel for protons
e 1992: ‘Expressions of interest’ for expts
» 1996: First experiments approved
» 1998: First full-size magnet tested
e 2006: Last magnet produced
e 2008/10: LHC startup and ‘incident’
e 2009/11: LHC restart
e 2010/03: First 7 TeV collisions

e Some vital statistics
o Tunnel circumference 27 km
o 1232 main magnets, 8 Tesla field
» Another 7000 smaller magnets
o Operating temperature 1.9K
0 Cost: ~4700 MCHF (incl. manpower)

o Experiments cost: ~500 MCHF each for ATLAS
& CMS (excl. manpower)
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Current LHC plans

2010 — 2011 - 3.5 TeV/beam operations

o with safe currents for magnet splices

o Integrated luminosity goal: 1 fb-!; requires 1032 instantaneous by end 2010
2012 - Shutdown

0 Superconducting magnet splice consolidation
* to enable nominal ~7 TeV/beam

o0 Also complete collimation system for nominal luminosity — phase 1
2013 - 2015 - — 7 TeV/beam operations (~~30 fb1 ??)
2016 — Shutdown

o Improvements to injection complex; phase-2 collimation
0 Experiment upgrades for “ultimate” luminosity

2017 — 2019 - 7 TeV/beam operations; — 2x10%* (~300-600 fb! ??)
2020 — 2021 - Shutdown

o0 LHC — High-luminosity LHC (HL-LHC); upgrade experiments
2022 — 2030 - — 5x1034 “leveled” luminosity (~1500-3000 fb ?7?)
Beyond 2030: A high-energy LHC (HE-LHC) with double energy ???
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LHC commissioning in 2010
 Main LHC goals for 2010

o Commission machine at 7 TeV step-by-step
« Key parameter is stored energy in beam

» Already approaching 1 MJ — limit of other machines (HERA, Tevatron) and potential
for damage if beam is lost in uncontrolled way

o Deliver data to experiments — commissioning detectors & first physics results
o Aim to get to L=10%?cm=s by end 2010
e This is essential to realise 1 fb-! by end 2011

« Alternating periods of machine commissioning work and
physics data taking
o Started with collisions with 2x10%° p/bunch
0 Squeezed beams, increased # bunches to 13 per beam
o Commissioned nominal bunch of 1x10p
* With 3, 6, ... 25 bunches per beam (> 1MJ) - most recently 13, w/ 8 colliding/expt
0 Next — commission ‘bunch trains’ to bring ~all into collision
- gradually increase number of bunches

 monitoring closely machine protection system
* 100s bunches (nominal LHC 2808/beam)
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LHC luminosity delivery

2010/07/19 11.54
LHC 2010 RUN (3.5 TeV/beam)
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day of year 2010

" ALICE: low pile—up since 01.07.2010

Experiments are taking data efficiently.

Recent LHC progress has been excellent.

e Peak luminosity 1.6 x 103

e Best fill ~70 nb!

» Total integrated luminosity 357 nb1 (7 tev)

« “Exponential” growth in luminosity
* Most luminosity integrated in last few days

ATLAS Online Luminosity \s=7TeV
[ ] LHC Delivered Al

[ ] LHC Delivered Stable

[] ATLAS Ready Recorded

500

400
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Total Integrated Luminosity [nb™]
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30/03 27/04 25/05 22/06 20/07

Day in 2010
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Experiments at the LHC

e 4 large detectors in caverns ~ 100m underground
ATLAS and CMS

= General purpose detectors
for discovery and precision
SM measurements

= Similar physics goals,
complementary designs
LHCb

= Specialized detector for
flavour physics

= (e.g.CPviolation)
ALICE

= Specialized experiment for
heavy-ion physics

= First Pb-Pb ion run planned
for late 2010
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ATLAS - AToroidal LHC Apparatus

3 superconducting magnet systems 44m
10 major particle detection technologies D —

25m

Tile calorimeters

LAr hadronic end-cap and

forward calorimeters
Pixel detector

Toroid magnets LAr eleciromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor tracker

application-specific (rad-hard/tolerant) electronics
advanced IT solutions for control, data acquisition & processing
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CMS - Compact Muon Solenoid

76k scintillating

ECAL PbWO, crystals
Scintilator/brass
CAlLnterleaved 38T
Solenoid

e

Ch
(CSC) and RPC

Total weight:
14000 tons
Overall diameter: BIEE s
15 m = Pixels 1[:115"?::-:15[
Overall length: el >y
21.6m ~ 207m? 9.6M channelsMUON BARREL  * It
SOIEnNOoIa Coll Drift Tubes (DT) arid
B Resistive Plate Chambers (RPC)
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CMS - Compact Muon Solenoid

;{——\ Hadron Calorlmeter
€ (HCAL)

[scmtlllators & brass]

AL

\ 1) All Silicon Tracker
(Plxels and Mlcrostrlps)

g

5) Redundant Muon System
(RPCs, Drift Tubes,
Cathode Strip Chambers)
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a (proton - proton)

The LHC physics landscape

Fermilab SSC
1Tl + LHC detectors looking for needles in haystacks
| 7 T . . .
| - e, 0 * Rare processes hiding in an overwhelming
“" background of ‘bread and butter’ physics
0 o Rates for some SM processes at nominal LHC
1 mb - performance — 14 TeV and L=10%*cm=2s-!
B T Process Rate @14TeV %
1 bl ‘% Inelastic pp collision 10° Hz E
B 3 b-quark pair production 108 Hz 3
c
— q% Jet production, E;>250 GeV | 103 Hz 3,
= >
1nb L 2 W-lv 102 Hz 2,
i = : : <
z Top-quark pair production 10 Hz |
- Higgs (m,=100 GeV) 0.2 Hz | 3
1pb—
3 .
i « Early work: understanding these ‘backgounds’
~ my=500GeV 0 Many interesting things to be learned on the way
' : —L o Important for calibrating detectors
0.001 001 OA 1.0 10 100

Vs TeV
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Initial LHC running compared to Tevatron

* Much early ‘discovery potential’ also exists

o Rather than comparing with ultimate LHC
performance, compare with Tevatron

« Searches typically ~5 fb'! at E,=1.96 TeV

o Gain in energy (2—>7 TeV) ...

o Lossinint. L (5-10 — 0.1-1 fbt in 2010-11)
« Gain depends on initial state (gg or qq) and

required invariant mass My

o e.g. HHWW at 160 GeV, gains factor ~15
from increased E,, (gg dominated)

ity ratio

luminos

0 e.g. ttbar production (X=2x175 GeV) gains a
factor ~20, becomes gg dominated

0 e.g. 1 TeV Z'(qq) gains factor ~100
» Plenty of potential for new physics surprises,

even in the 2010 run

TeV Particle Astrophysics 2010
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Counts

Commissioning the experiments - |

MC normalized to Data
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Tracking detectors saw the ‘zoo’ of SM resonances from the first runs ...
Fr AR R L -_ L S B B S S S BN B B B B S B B p
12001 KO N ? -] t:}‘:’. 1201~ m, = 1019.66 = 0.24 MeV LHC»
i _ . LHeh
1000 LS — T l"l ALICE 2 ook o =195 0.37 Mev 45';36'8“::;:1’)’
(1=}
soo:— “ K2 : E 80 ® SKHK-
600— J l 1=497.3 + 0.07 MeV __| E 60
C r 0=52+008MeV  _ 5
400— i *. E o 40
200;—‘:&.“. . :,.l L‘ __ 20
LT et Y ] . /.
TR Y R T S Y Y T R T ) 980 1000 1020 1040 1060
(?.35 04 0.45 0.5 0.55 n:]”ﬁ (Ge\ff:é]GS' My, (MeWc"’)
%) E :
B-tagging distributions & 220% + SV0 selection
, , S 200 N
= With understanding of & 1gof Simulation | gndary
. . £ s E D jets vertex
tracking resolution 5 160F @ c jets
, 140F- light jet
and alignment, start 120k . flghtjets [ mass
to identify b-hadrons 100E- * Data 2010
_ ) 80E- Ns=7TeV,L=0.4nb")
= Tracks inconsistent 3 N
. . 60t ATLAS Preliminary
with primary vertex 40F
- 20F
= Explicit 29" vertex of
0 1 2 3 4 5 6
mle [GEV]
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Commissioning the experiments - |1

o Calorimeter studies
0 Also seeing resonances

o E.g. n°—>yy and related n
and w resonances

o Jhy—ee particularly
challenging — low energy
electrons, small S/B

« Missing transverse energy

o Vector sum (E,,E,) to look
for energy imbalance

o Test of calorimeter
coverage, noise, dead
channel handling, etc. ...
crucial for many searches

 Muon detectors

o Use known resonances for
commissioning muons

TeV Particle Astrophysics 2010

Events / (10 MeV/c?)

L=3.4nb!

\s =7 TeV Data

N, =1907-78

TF¥ = 1.30 MeV/c” fixed

LHCb Preliminary -

m, = 548.42 + 0.29 MeV/c®
oGeuss - 9 79 + 0.46 MeV/c*

N, 7s2) = 5649 = 203
M, 7o) = 784.45 + 0.60 MeVic?

Events/0.1 GeV/c2

aGaes = 13.48 + 0.70 MeVic®
- [o¥e2, = 8.49 MeVic’ fixed
0 A PR B T S 2 e A

500 600 700 800 900 )

m:,.:+‘1'.‘tll (MEV/C )
> | L L B 3
G ATLAS Preliminary 1
10° N
Z Data April 2010 3
210° \s=7TeV ]
g 0 L,=03nb" 3
Lﬁ 10 | <4.5 _
3 * Data ]
10 [ IMCMinBias g

[

Status of the LHC -

5060
E;“'“ [GeV]
A.J. Lankford

Unlike Sign muon pairs

80
- CMS Preliminary 2010 Ny =132+ 14
70 . - . 2
~ 7TeV data, J‘L =37nb" M=3.07 = 0.013 GeV/c
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Trigger and offline computing

o ATLAS and CMS record data at O(200) Hz
o Interaction rate of pp—X exceeded this after

s r
(2] -
=2

O - ]
first few runs — crucial to commission triggers £ 0.8 ATLAS Preliminary
o L1 hardware trigger followed by multistage < o6l Efia_ﬂé‘:jz(\_]r%:TOTeV) ’
. . . L urn On |
software-based high-level trigger on PC farms g’, - e EM3 Tum On ]
« Start with low L1 thresholds, HLT pass-through k5 04, M —#-EMSTumoOn
. . g = Non-diffractive minimum bias MC|
» Study effect of triggers on unbiased samples before (& i EM2 Turn On il
trigger chains have to be enabled o 02r e — EM3Turn On i
- — EMS Turn On ]

o0 Step-by-step as LHC luminosity increases 0 Cl L L

e retectod b st £ o 2 4 6 8 10 12
« Events r rigger ar rever ..
€ents rejected oy trigger are lost foreve Offline Cluster EX*" [GeV]

* In parallel, worldwide offline computing effort oM PhEDE Transter e
YT — _ 45 Daysl rom 2010-04—l20 to 2010—06—?4

0 O(1GB)/sec being recorded and distributed from 3 Tier-1 to Tier-2 | GB/sec

CERN to the >100 Tier-1/2 sites el ™ R R o e PLIEC ]

. . . L T | R ............... ...................... 'I-
» Data being re-reconstructed as calibration and ] | = - .
. . . . 600 O ) = PR T 0 e O [
algorithms are improved in light of data '

* Monte Carlo simulation proceeding in parallel
o0 1000s of users analysing data using Grid tools

—_—
~

Transfer Rate [MB/s]

= = = 1 | ... .
400 = . - = =] 7 -- :

2010-04-22 2010-04-30 2010-05-07 2010-05-14 2010-05-21 2010-05-28 2010-06
Time

TeV Particle Astrophysics 2010 Status of the LHC - A.J. Lankford 16



Charged particle multiplicities at LHC

T arXiv:1004.3514

Most basic inclusive process: pp—X %‘“’ 6 R T

o Mix of elastic, diffractive and inelastic I e ]

processes ... ‘minimum bias’ e

» Trigger on activity on 1 or both sides f ALICE INEL>0 -

B - 0.9 TeV ]

Measure charged particle activity : T 23eTev |
0 Nep/evt, dN/dn, dNg,/dpy, etc e S T 00 0 orapianyy
o Distributions have to be corrected for |3 E 1Paa, P> 00NV, n|<25n,21
trigger and acceptance biases, s o 1 ATLAS Preliminary
: . ] 2 107 Ns=rte =
reconstruction efficiency, ... = S :

z
« Some model-dependence S = 10° E
1.8 roliminary -4 & 10 E
Multiplicity increases with E, o o s romary S .
o e 12 0F e E
Existing models (tuned at Tevatron): | 4 = rmiaatasucos. EE Aty ;
. e 1'2;_ s PYTHIA Perugia0 E 10°% o PYTHIA Perugia0d
0 Underestimate overall multiplicity [ PHOJET 1 gof - PHOUET

SR T O
o Have too hard p; spectrum i - Mo e E [ v -t~ i

Work started on improving MC tunes | & 09 = 1 5 e i

0.72—5 215 -1-050 05 1 15 2 25 - 1 10

n p, [GeV]
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Observation of jet events
An early CMS di-jet event

CMS Experiment at LHC, CERN
| Run 133450 Event 16358963 o
' Lumi section: 285
| Sat Apr 17 2010, 12:25:05 CEST | /
Jet1 p;: 253 GeV

Jet2 p;: 244 GeV
Dijet Mass : 764 GeV

E;(GeV)
80
Jet 1
60
40
20 =
0
-4 = e
¥, <,
-2 - .
n -
2 _-‘ = . =
- - \\ i
\
4 2 =3 o
0 =
2 1]
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Observation of jet events
An early ATLAS multi-jet event

SUATLAS
el —

Run Mumber: 1
Date: 2010-04-10 13:24:30 CEST
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Observation of jet events

« Dominant process with high p- final state Ron 135ie0 Evemt 16300068 | = <
0 Hard interaction of quarks & gluons leading to  pZ—Sl sutaoe 17 2010, 12:25:05 cesT | / 2
di-jet and multijet events = ol

S

RCDTIEIIE
E,(GeV) Jet 2 p_—
TOGoU00 8o Jet1 Jet 1
60
40
20 > e

0 Jet2 . . S

R Seen |mmed|ately in the first 7 TeV LHC runs

e Jets measured/reconstructed In calorimeters
-2% "

P~ ed}ne/rgv

T =3 b= non-E# Energy
- “i Efdx pions

k“‘ﬁ&z \ = " muons
S e
Electromagnetic Energy T~ ‘\\ﬁ: N, 1
- AN N
Invisible Energy n TAN
~25%

o Critical to understand response - energy scale
and resolution

» Testbeam, simulation and data-based methods
o Can also exploit complementary tracking info
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Studylng Jet events

Ty 200 3 ZR200E L mnay 20 - o4 ™ Then look for deviations from
Q L S=7TeV i %000? Vs=7TeV [ | Simulation i
i) [ P_(jet)> 25 GeV I |-|J1800:_ p,(et)> 25 GeV 3 expectatlon e
GCJ 10; nget)| <3 E 1600:_ Inet)] = 3 = . .
T . Dt ] - = ee.g. contact interactions
i [ Simulation i 1400; e q q
- - 12005— _E A
i w11 1 ek E
r 7 800 =
AT e : a- 0
10 E A00E 3 0 Interesting sensitivity already at 10 pb?
A 1 200f 1 o Di-jet resonance, excited
™ | L1 L11l 1111 L1l 1l J|A1] Liblh L1 | = L1 L | | S | ‘ |
10%5""700 200 300 400 500 6(|)0 700 & 0 05 1 15 2 25 3 —~107 s
.. m., olGeV] . Aq)di-iet > — e PYTHIAQCD
Dljet Mass A(P(Jl, 12) Q Experimental Uncertainty
g ----------- PYTHIA QCD + Contact (A = 3 TeV)
> 10° PQCD(NLO)
= First inclusive jet distributions being produced g
= Number of jets, jet p; and di-jet invariant mass o .
= Angular distributions, jet shape variables OMS prefiminary - * ...
= Comparisons with LO Monte Carlo generators kyD=06 N
.. : 10 & \s=10TeV ++
= Later, more sophisticated calculations ff
. Ldt=10pb’
= Working to understand energy scale and res|" f r OSS"
o : 10" AN T
| - -
Can start to exploit di-jet and later y-jet balance 200 400 600 800 1000 12(()8 1\?)00
jetp. (Ge
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Inclusive jet cross-section vs. p+

—_
()
o)
m

I B B T

(L

Jet energy scale uncertainty ~7%

anti-k, jets, R=0.6, |y |<2.8
Jet Overall luminosity uncertainty 11%

—_
o
[6)]

® _[ L dt=17 nb”' N5=7 TeV)

¢

T

Comparison to NLO QCD calculation

» Non-perturbative corrections from
leading-log partonic showering MC

» Describes measurements well

—
o
S

+

Systematic Uncertainties

do / dp. [pb/GeV]

——

. NLO-pQCD (CTEQ 6.6)+ Non pert. corr.
—g=

—_
o
w

Inclusive jet differential cross section as a function
of jet pT integrated over the full region |y|<2.8 for
jets identified using the anti-kT algorithm with
R=0.6. The data are compared to NLO QCD
calculations to which soft QCD corrections have
been applied. The error bars indicate the statistical
uncertainty on the measurement, and the grey
shaded band indicates the quadratic sum of the
systematic uncertainties, dominated by the jet
energy scale uncertainty. There is an additional
overall uncertainty of 11% due to the luminosity
measurement that is not shown. The theory
uncertainty shown in orange is the quadratic sum of
uncertainties from the choice of renormalisation
and factorisation scales, parton distribution
functions, alpha_s(M_2).
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700 200 300 400 500 600
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Data / Theory

Inclusive di-jet cross-section vs. mass &y

| T T . -I T T T T T I I_
40° ATLAS Preliminary 5
35__ anti-k, jets, R=0.6 * 21<|y| <28 (+20)_]

C [Ldtz17nbNs=T TV, 12<)y] <21 (+15) ]
30:— Total syst. unc. a 08<ly| <12 (+10) _:

- m 03«< |y|max <08 (+5) A
25:_ . NLO pQCD + non-pert. . 00< |)’|max <03 (+0) _:

- |
20 | Bt =
100 R E

- - ]

5 - .
0: T - .

2%10°

10° 2%10°
m,, [GeV]

Data / Theory

; T . T ] L T
20~ ATLAS Preliminary ]
- anti-k, jets, R=0.6 e 340 <m,, <520 GeV (+10) -
i J L =17 o, Ns=7 Tev m 520 <m,, <800 GeV (+5)
1 5 Total syst. unc. —
i a4 08 <m,< 1.2TeV (+0) |
i . NLO pQCD + non-pert. _
__.__.__'_ = o ——— g _—o— o ==_
10 B
S
4T |
o + S L e ——
i ] ] 1 1 Lo 1 |

1 10

X

Di-jets are also well described by fixed-order NLO perturbative QCD
calculations corrected for non-perturbative effects.

TeV Particle Astrophysics 2010
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~Jets — extending the reach

% 1072 ATLAS Preliminary
Fg 10_3 Ns=7TeV
.Q [ ) u n n n .
10 4 Do Loy With increased luminosity, look at:
> A5 — PYTHIA . .
510 e Inclusive jet pT
Z 1nq-6 Iy*'|<2.8
10 .
o7 ‘  Number of jets
10°® e Di-jet mass
10° |
| | | | | | L L
500 1000 1500
P [GeV]
P E | T T | | | 3 o 10-2 3 | =
c § 2_._|_._ ATLAS Preliminary 1 % B ATLAS Preliminary -
ERTE - Ns=T7Tev = 0103 \s=7Tev -
g’. ; - DataJLdt:296 b’ ; %=1 0—4 ; 4+ DataJLdt:QQG nb’ ;
< 107 3 ” — PYTHIA E > c = oA =
Al c ] O 105l anti-k, R=0.6 ;
3L * ] z10" Y128 ;
107 ¢ 5 < el =
B anti-k, R=0.6 A ] 10 E
104 12 E 107 — py: 410 + 317 GeV
- ' ] | = M, = 2550 GeV
10'5 = \ \ \ | | = 10_8 U IR S =n,~1.5;, n,~2.3
>1 >2 =23 >4 > 6 > 2§ 0 1000 2000
N ij [GeV]
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A dl-jet event with high mass
f;, ATLAS

_?LEXPERIMENT

Run Number: 158548, Event Number: 5917927
Date: 2010-07-04 07:24:40 CEST

Jet p. =421 GeV

dijet m,,=2.5TeV
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The underlying event

* As well as the hard scatter (jets), pp produces

an underlying event (UE)

0 Beam remnant

o Initial/final state radiation
o Multiple parton interactions?

Proton

Underlying event

 Activity should be ~independent of hard scatter

0 Use leading track to define event axis and
towards/away/transverse (UE) regions

o Study track distributions in transverse regions
» Corrects for recon+selection bias, and migration

o Density of particles (N,,) in transverse region
plateaus to become independent of p,/'ead

« But larger than that in minimum bias events

o Other variables (e.g. p; density) are correlated
with p;'€ad — contrib” other than beam remnant

* Important to understand ‘background’ to jets

TeV Particle Astrophysics 2010
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leading track

Hard scatter

toward .
~ - o - -
. |A¢|<60 e

Proton [ transverse ", - transverse

60<]A0|<120°, %7 "~ _60<|AGI<120°
© away -
|A9[>120°

-é- 4 [ | T T I LI J 1T | L I L L
% - ATLAS Preliminary 1
3.5F | =
o \s=7TeV ]
3] - n
& 30 p.>0.5 GeV/cand n| <2.5 ]
- T .
v 2 5‘_ ——e— Data 2010, Transverse Region T
I — PYTHIA ATLAS MCO09 Tune n
- ——e—— Data 2010, Toward Region —
2 ———— PYTHIA ATLAS MCO09 Tune -
- ——e—— Data 2010, Away Region m
C —— PYTHIA ATLAS MCO09 Tune —— ]
1.5 m
: i =N ) -
: - =t

il

L1111 L1 1 N N T | IIII\I‘III \I\IIII
2 4 6 8 10 12 14 16 18 2C

p'1‘?ad [GeV]
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B-physics with Jhy decays

. 3 (000 AG Brafiminar e omsromeen ]
» Large b production x-sec: LHC is a b-factory ¢ . F ATLASVEri“Tg'”aW el
o Dedicated LHCb expt. optimised to fully exploit S - Ldt=260nb" Forlecen kg
b (and c) physics potential of LHC 3 0% E
 Early physics topic - J/y(—up) production § 4000 :j‘j;:;_%ﬁofof& GeV E
0 Mixture of ‘prompt J/y’ and b—J/y+X & 3000 °m. =70 THEY =
e Quarkonium production, spectroscopy and = 5000k Nues = 800= 130 E
polarization (poorly understood) - 2“""‘3'3704 = 0.009 GeV -
« b-physics with inclusive and exclusive modes 10000 aocomcocoeocons® % —

« Detector calibration, alignment, B-field -

2

 Exercise vertexing to separate components

m,, [GeV]
3 2 —
o 3 1
10 L=14nb
PV m o Bkg from sidebands
= Py _ Ty -
. --------------- r"l} tZ —_— z”w ZPV ; Prompt LHCb
M Py £ 10 — au Preliminary
Z o ¢ Daa NS=7TeV
> (1]

\; 1=1.32+0.14 ps

o Clear signal of lifetime component _, _,;_m...
o Start to measure b-fraction and tune Monte Carlo ' N o |

T
description of b production T | Iiﬂuli 1|-u||. ‘
AR |I| "

2
pseudo-proper t|me t, (ps)
27
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Entries / (0.5 MeV/c?)

45 1 L T T T T T T T
Niyigna = 86 £ 13
40 Mass (i = 145,449 + 0,087 MeV/c?
35 Mass ¢ = 0,53 + 0.10 MeV/c?
%0 D™ — LHCb
25 DO(K_K+)J'C+ Preliminary
20 \s = 7 TeV Data
~ -1
- + 2.7 nb
10 i
% N
. IRaS S g
0 ’ M M M M M 5 M 1 " M M 4 1 M M M M 1
140 145 150 155 1§0
B,— D uvX
| candidate

LHChb Preliminary

EVT: 49700980
RUN: 70684

TeV Particle Astrophysics 2010

D and B hadron decays

o Start to reconstruct exclusive charm decays
o E.g. D**—DO%*; D°%—K-n* or rarer KK*
* ‘Slow’ pion from D* tags flavour of D% (Am)

o Provides access to D% mixing and CP-violation
observables via lifetime differences

(D’ =Kn’) (D’ -KK')-(D’=KK)
Yer = t(D° - KK") B T 1(D° -KK*)+ (D’ - K'K")
o0 Already seeing 100’s of the rarer decay
e With 100 pb, expect 10x BaBar event sample

« Semileptonic b-decays B—D°%vX and D, pvX
o Already with 100 nbt, expect ~3k B—~>D%uvX,
» Determine production x-sec, compare with B—J/y

o Studies with BYand B, semileptonic decays will
provide access to B oscillations (Am, and Am,)
and calibration of flavour tagging

o0 Build up to CP-violation studies
« similar precision to DO A, in ~100 pb

~ Status of the LHC - A.J. Lankford 28



Observation of W - W — pv

e CMS Experiment at LHC, CERN

Run 133875, Event 1228182
Lumi section: 16
Sat Apr 24 2010, 09:08:46 CEST

= a-mlﬁmhnm:l

Muon p; = 38.7 GeV/c
ME=37.9 GeV
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Observationof Z - Z—-nupn

JA EXPERIMENT

Run: 154822, Event: 14321500
Date: 2010-05-10 02:07:22 CEST

p.(H) =27 GeV n(w)= 0.7
p,(K) =45 GeV n(u) = 2.2

M =87 GeV
Hp

|\, Z»pp candidate A W
~in 7 TeV collisions i- I
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W and Z events

;| CMS Experiment at LHC, CERN
CMS Z Run 133874, Event 21466935

Il Lumi section: 301

Sat Apr 24 2010, 05:19:21 CEST

o Characterised by 1 high energy e or u plus
missing transverse energy (W—ev, uv)

o Or pairs of opposite charge leptons (Z—ee, p) | Eectonp,=356Gevic W—oev | 7/ [/ |\

ME; = 36.9 GeV
Mr=71.1 GeV/c2

o0 May be produced alone, or in conjunction with
additional high-p- jets

o Important background to more ‘exotic’ processes

EXPERIMENT

Furz 155112 Event: S8844660
Cater 2000:65-16 C5A706 TEST

e~ Run Number: 154817, Event Number: 968871
w( AT LAS Date: 2010-05-09 09:41:40 CEST
4 M_= 89 GeV

A EXPERIMENT

Z-ee candidate in 7 TeV collisions

TeV Particle Astrophysics 2010



W — ev Inclusive cross-section

F T 171 | T 1 | T T T | T T T T T T T T3 E LI | T 1 | T T T | T T T T T T T T T :
? - ATLAS Preliminary ? - ATLAS Preliminary .
g 1035— ; —*— Dala2010 (Vs =7TeV)3 g I , —e— Daa010(Ns=7Tev) |
-~ . JL=16.9nb_ [Jwoe ] -~ JL=16.9nb_ [ Jwoer

g [ BB i g 107 3 [ aco E
T 10%F [ conversions - b= C [ Iw-w ]
L E [ ] Hadrons E L I |
: ity : 10 E
10 E : + :
18 . 13# + LL E
: 11 | | 1| .!—I_V 11 : _:!:‘ | | 1 1 1 | :| | 1 | | 111 11 |

0 20 40 60 80 100 120 0 20 40 60 80 100 120
my [GeV] my [GeV]
Without MET cut With E Miss > 25 GeV

myp = Jz pLph(l — cos(¢? — ¢"))
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o, X Br(W— 1v) [nb]

W — Lv Inclusive cross-section & asymmetry

10

107

ATLAS Prelim

T | T
inary

NNLO QCD (FEWZ)

ATLAS data 2010 N5=T TeV)

o0 W (efuw

TeV Particle Astrophysics 2010

. o JLETe" w0 Wi (e
] ; - Als W (elu)v —

cmmnans W (pP) e CDFW-— 1\ .
s - — W (DD} o/0 DOW-— (&fuv B
; s W (DD) o UATW—=lw |

mimimn VW (pp) r UAZW =g
1| | | L 1 | 1| | | L 1 ] | 1 1 | | | 1 1 | ] L 1 | |
2 4 6 8 10 12 14

\'s [TeV]
The measured values of o, - BR (W —v) for W*, W~ and for their sum compared to the theoretical predictions based on NNLO
QCD calculations. Results are shown separately for the electron and muon channels. The predictions are shown for both proton-
proton (W*, W-and their sum) and proton-antiproton colliders (W) as a function of s. The calculations are based on the FEWZ
program with the MSTW2008 NNLO structure function parameterisations. In addition, measurements at previous proton-
antiproton colliders are shown. The data points at the various energies are staggered to improved readability. The data points
are plotted with their total uncertainty.
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W—ev
(8.5 £ 1.3(stat) + 0.7(syst) = 0.9(lumi)) Nb

W—-nv
(10.3 = 1.3(stat) + 0.8(syst) + 1.1(lumi)) Nb

Charge asymmetry confirmed
o(W*) > o(W)

E‘ [ T T T 1 | T T T 1 I T T 1 1 I LI I LI ]
o LW — v

E 0.8 [ —t— Data 2010 §/5=7 TaV) h
g, ’ C NLO DYNMNLO with MSTW o8

< gl —H ME@NLOHERAPDF 1.0 E

’ C —} MC@MNLO CTEQsE PDF ]

0.4f -

0.2k | -

ok o . ]

r ATLAS Preliminary | L=16.6 nb

PR SN TN N T T N M Y SO SN B B A

_0'20 0.5 1.5 2

i
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§ T [ T T T T [ T T §

= CMS Preliminary 2010, V=7 TeV o pata =

o " 0z s ee 7

10 b Ldt = 0.0523 pb [ aco —=

E [ Electroweak

S ] =

1 =

- | Z—>ee -
107" 2

|||I'I'I'| T Hill'l'll LRI

100 150 200
M. [GeV/c?]

102

10°

@102 _ CMS Preliminary 2010
2 F L, =60nb'\s=7TeV
O L
0 10 Z_>Mu L‘
a ok
S T }
o 1¢
101 E_ ‘—|—|”'J

0 20 40 60 80 100120140 160180 200
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e Z production rate factor 10 smaller

~Z boson observation

0 Needs more data — first few candidates in

O(10) nbt sample

o Two leptons — fake lepton b/g negligible
o Drell-Yan contribution (qq—Z/y—ll)
e Z mass precisely known
o ‘Standard candle’ for detector calibration
» Calo/muon energy scale/uniformity
o Z—llis basis for ‘tag and probe’

o Determination of trigger and offline
identification efficiencies of leptons

Tag: identify

went

Q7z

Probe: meask

object efficiency

Status of the LHC - A.J. Lankford

> 0.9
) E

T 0.85
0.8
0.75
0.7
0.65

Effici

0.6L

0.55
0.5

0.45}

0'4_IH-2‘H-I1 5-1-050051§E 2I“

® Tag & Probe
— MC truth




e Expect O(3000) W and O(300) Z per pbt
o Many planned measurements...

o W*/W- charge asymmetry:
Z (W= ) — (W - )

Aln) =
! o (WH = ) + (W= — )

0 Ratio measurement, so many systematics cancel
o With ~100 pb, can start to constrain parton

density functions in proton

 important systematic in many other measurements

 Measurements of W/Z+1, 2, 3... jets
o Production of each extra jet ‘costs’ factor a.
« With 1 fb1, expect 1000s events up to Z+4 jets

o0 Results for jet multiplicities and momentum can be
compared to LO/NLO Monte Carlo models

—

e
=
—
w0l
—
o)
=
@

1

* Dominant systematics from detector jet response

o W/Z+multiple jets are also important background 1°*

for top physics and many searches

TeV Particle Astrophysics 2010

06

05

10°
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Measurements with W and Z bosons

& 03T
©  [100pb110TeV cMm

e
ba
Lh

0.1~ P>25 GeV, p.>20 GeV

[ 1 pp—W(uv)+X (Pythia 6.0+CTEQEM)
. CMS simulation (uncorrected)

0.05-
B Statistical error

Charge asymm
T

=]
. -
LA
LB R L ——
i TR

¢

t

t

t

t

Systematic error

|""|F
reliminary|

I Ll
-2 -1 -1 -05

0 0.5

1

L.5

2

= —_—

- —

Muon pseudorapidity

—1fb110TeV

TLAS

— —

[ —

o W —puv+ bkg
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-W—>‘EV

II| | III\IH| | IIIIIII| | IIIIIII| I

5 6 7 ’5@ 9
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Top rediscovery

Next milestone - ‘rediscovery’ of top quark GMS Preliminary 1006- ____[Raco |
o t—>Whb, final state determined by W decay 25p-e-p 10 TeV — s
o Dilepton: tt—->WbWb—lvblvb with I=e or y  (5%) e 22
o0 Lepton+4-jets: tt—-WbWb—lvbjjb with I=e or y (30%) i

Events with high-p; lepton(s), E;™ss and (b)jets 15]
o e+y dilepton very clean, but low rate and no recon m,
o e/utjets higher rate, recon my=m,,,, W+jets b/g

» b-tagging can be used in selection, or as confirmation

Handful of events expected per pb'1 at 7 TeV

[ single top
@i — not it
i u

20|

Signal 043 064 14 E 90 ATLAS Preliminary
“ 80 . Simulation
Background 0.11 0.19 0.24 4 4 70 e+jets 10 TeV
60 Electron Channal
o First “candidates” being seen now 50 L = 200pt"
Clear signal for 10 pb! w0 i
Measure cross-sec to 10-20% with 100 pb-? z [
o
b I; 1 LA
%556 180 0
. . M, [GeV]
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Top physics continued

« With 1000’s of top pairs, start precision program 5 140y —
(g ATLAS Prehmmary L L., =100 pb", pseudo-experiment
0 e.g. top mass (Am,,=1.3 GeV from Tevatron) g 1200 SmuEon o s e
o Extract from |+jets events, using my; or kinematic fit fg 100/ Men = 1712532 GoY
« Control jet energy scale to O(1%) with m;=known m,, Y sor B
o Statistical error below 1 GeV for 1 fb-tat 7 TeV r 1 il
o Will take time to control systematics to same level o |V
20l My, GV |
0 =0 R0 00500 6o T00
ms2° [GeV]
CMS Preliminary L=200pk" ™ study of single top production
.I-l;h:]rl. ' b b q W t
Dﬁ t q. b
[ =-chan. Wt-chan
.l'l.' El) b}S'Chan C)
B = After selection of lepton, E;™ss and 2-jets,
=:§ background from top-pair and W+(b)jets
Ow = Use multivariate techniques to separate
!::;W st = CMS also uses top polarisation cos6*
0 0.5 0 0.5 1 = Will take 200-1000 pb to establish t-channel

_ _ cos®*
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Standard Model Higgs search

» Prospects for early discovery depend on m,
o First chance for m;=150-180 GeV, with H>WW

a) gluon fusion

Significance

o0 Require two high pT leptons + missing energy

o0 Veto on central jets to suppress top background
» Require forward jets in VBF fusion mode

o Remaining background from WW and W+jets

o 1fb! can give 3-5¢ signal for m,;=150-180 GeV

CMS Preliminary

Projection for\s =7 TeV, L = 115"

7_
6f

5¢

| ] Cut on Neural Network Output

] Cut Based Analysis

1 ‘ | 1
120

CMS Preliminary: projection for 7 TeV, 1 fb'

1 ‘ | | 1 | 1 1 1 | 1 | 1 ‘ 1
140 160 180 200

Higgs mass, GeV/c?

e For larger m,, H>ZZ—4l is most promising

o Rather clean signal above continuum ZZ"—4|
» But limited by statistics and Z mass resolution z

o For 1 fb1, exclusion limited to few x SM expectation

H—ZZ [4e, 4u, 262u]

 Exotic scenario with 4 quark generation, H production via 1
gg fusion enhanced by factor 9, could be visible -

— 95% CL exclusion: mean
0 95% CL exclusion: 68% band
95% CL exclusion: 95% band

SM

TeV Particle Astrophysics 2010 Status of the LHC - A.J. Lankford

200

----- 95% CL exc!ursion: mean (no sys)

400

600

Higgs mass, m [GeV/c?]
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Higgs searches continued

14

H—yy for low mass E:ZZ ATLAS Preliminary B Signal xio 2
R & STt L
from yy and y-jet EE; % 12

0 Exclude ~5xSM for 1fb-1 £ 12
Combine channels and G o
ATLAS+CMS. but cannot "
0

cover full m, range in 1fb!

MSSM limits for A,H,h(®)—tt

foo

105 110 115 120 125 130 135 140 145 150

g b g b E> A
FENEEEEE b b e AHIR B
= Production with b-quarks dominate for tanf3>10
|

Require b-jets, look for t—e, u, m or 3w

Can discover down to tanf3=20 for low m,

= Exclusion limits down to tanf=15

TeV Particle Astrophysics 2010

Status of the LHC - A.J.

0

(o2}

tanf

LI L e B B B AL B

- ATLAS Preliminary e

C (Simulation) _
E ----- Wadian (no systematics)
- Ye=7Tev ] v

IJIIJII.JIl]Jll]lL]IllllJIlJJll]ll]ll]ll]ll

|
110

CMS Preliminary: proj

10-

Lankford

.
.
=

115 120 125 130 135

for 7 TeV, 1 " Mar 22 2010

, Mmax, u=+200 GeV

bb®, ® > 1T [T,T\.4 TeThag TuTel

— 95% CL exclusion: mean
I 95% CL exclusion: 68% band

] 95% CL exclusion: 95% band

. Elxcludod by LEP p—— 5' o discovery : :

100 200 300 400 500
m, [GeVic’]



Searches for SUSY

-

(=]
Gl

T

R-parity conserving SUSY 2 [ATLAS Preliminary 10Tev T
o Complex high-multiplicity cascade decays from & ¢ - =5 .
squark/gluino pair production 2 10k 4 e
Variety of final states — topological search T /% 7’ ’ ——
o Characterised by missing E; due to escaping we / % . i
LSP, and large M =X E Jets+3 E_lep+[E miss o . %
. ) . 1
o States with 0,1,2 leptons, multiple jets .
Key to early SUSY searches: "5 8 8§ 5 5 5 8 8 8
o Control of fake missing E; (detector issues) T % % 3 3 3 g:l SE% §
o Measuring SM backgrounds from data & & F
+ In particular contributions from top and W+jets 3 aso| ATLAS Preliminary --- 41t § lepion
. S S, F7Tev-soopb! | oo ZiSE3iicn: o0t
Early reach typically studied with mSUGRA & acor.t=r s discovery " "2
0 4 parameters (my,mM,,,,AytanB) + sign(y) 3sof -
e.g. search in 0 or 1 lepton, jets +E,™Miss e
o Sensitivity beyond 500 GeV squarks/gluionos for 25°F% 73— N E
around 05 fb_l at 7 TeV 200 ;_‘.“:..“.:—:_. "‘:\_ .‘E"I T . v e tr; “:('ITP\«:}—;
100:_ i S;..E_ ‘r,?.-’d[_o.s‘rl-av; | ] . Noawsa:'

o]
\V]
o
o

400 600 800 1000 1200 1400
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Entries / 50 GeV

4-jet + Etmiss + O-lepton search

103 T 1T rrrrri | LI I- LI | v "' v 'D'ﬂt'ﬂ'zli:”'l:l' E;J,E'; ':." '_'EI':II_II |
- . Monte Carlo
(b ! Ldt~70nb — %CD
Four Jet Channel e ot
10 :
2 EXPERIMENT
1 ----- Run Number: 158116, Event Number: 5513627
= Date: 2010-06-26 19:26:40 BST

107
10—2 I

3 11 11 1 I 1 1 1 1 ]].1°./]"°./] I 1 1 I 11 11 1] H H
10%g 500 1000 1500 200

SM backgrounds under control M_, [GeV]

An outlier
Event display of the collision (run number

158116, event number 5513627) which
has Meff of about 1.5 TeV when only the
the leading three jets are included in the
scalar sum increasing to about 1.65 TeV if
all four high-energy jets are included. The
size of the missing transverse momentum
is about 100 GeV. The missing transverse
momentum vector lies within the radius
of a jet with a secondary vertex tag. All of
the high energy jets are associated with
the same primary vertex.
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Entries / 20 GeV

1-lepton + >2-jets + Etmiss search

Muon Channel :ﬂiﬁfg‘;@r TeVH  Event display of the collision (run number 155569, event number 5091167) with

10° [L dt ~70nb’ E&Egts Mg of 915 GeV when only the the leading two jets are included in the scalar sum
10 TE;'EE ~ 30 GeV -é"-ﬁ“ increasing to 1156 GeV if all jets are included. There are a total of 145 tracks

= |. === SU4 (x10) 3 associated with the primary vertex; no second vertex is reconstructed. The

1L ATLAS Preliminary 1 7 missing transverse momentum is 118 GeV. There is one well isolated positively

E J charged muon with p; of 25 GeV, and h = 2.33. That muon is cleanly selected with
1cr‘:g 7 11 hits on the monitored drift tubes, 6 on the cathode strip chambers, 5 pixel hits

R R 31 and 8silicon strip hits.

__ﬁ

<%
__I_I'I'ITI'ITl

SM backgrounds
under control

An outlier
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H T =i A A C Eventwith high-p,
0 100 200 300 400 500 600 700 800 900 1000 § - Jets and a Muon

WICdl EXPERIMENT  in7TeV Collisions

Run: 155569 Event: 5091167
Date: 2010-05-22 04:34:53 CEST

LRI
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Searches for SUSY - continued

o Require 23 jets, H=2E*>400 GeV, E;Mss>225 GeV
» But complicated mixture of SM backgrounds —

0 Sensitive to 500 GeV squark with 100 pb

500

CMS Preliminary.N's = 7 TeV

Observe 1 event in 100 pb™
450

Observe 4 eventin 1 b
B coF Preliminary 31 (3.21b7)

400 - 1
- Do observed limit (2.3 fb™)

500 CMS preiminary \se7Tel 95t CLeunes  SM=S0tsM  BOEIDAS00
hy TORE Tl I C0F 3, 20, s, 40 : _
5 50 -i:éﬁi'zmﬂ @l o Fully hadronic mode (with lepton veto)
g 400;'-3' e e L LER T tanets, u=200GeV
EF 0 pb g _ ) _ .
T o Generic requirements — high efficiency
300 :
250-": determine from data
200
150 .
O
0 >
0 100 200 300 400 500 600 700 800 900 1000 e
: my (GeV) : Eg
« Alternative approach — like-sign dileptons

o Require 2 leptons, 23 jets, H;>200 GeV, E;Mss>80 GeV
o Much smaller efficiency, but suppressed backgrounds,
mainly from top pairs
» Second lepton from b-decay, or fake
o Significant improvement on existing limits from LEP and
Tevatron with 1 fb!

e But 14 TeV data needed to probe 1 TeV scale.
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LEP excluded regions

mSugra: tanf = 3, A0 =0,(u)=0

350

300

250

7T

200

7 .
e
LT ,

1005700 200 300 400 500 600 700 800 900 1000
m, (GeV/c?)
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» Dilepton resonances: Z'—ee, uu
o Z-like object or RS-graviton
o Small Drell-Yan background

o Tevatron limits of ~ 1TeV on SSM
Z’ overtaken with ~100 pb!

 Heavy W boson: W' —ev or y

o Again, Tevatron limits of ~1 TeV
can be extended with ~-20 pb-?

= Excess of diphoton events above SM background

Also dijet searches for compositeness, excited e and q,

More exotic scenarios

=i
Tl11ll T 1

Integrated luminosity (pb™)
a
T l1'| L

—t
l|l|1r| T™ °T 10171

T[rrrrrrrrrrrrrrrprort

—
T

JIlllJlilI|I.III|IIII|IIJ|-

CMS preliminary
5 o discovery .

-« RS grav. (0.1) _
-+ RS grav. (0.05)

u-nl i

Extend Tevatron limits with 50 pb-!

black holes — all accessible in first year
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Luminosity [pb ]

10°F ™

fast simulation
ATLAS preliminary estimate

=== 1.5TeV Wsev, 10 events =
—=— 1.5TeV W-ev, 95% CL
------ 1.0TeV W—ev, 10 events

—&— 1.0TeV W'-ev, 95% CL
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Signal significance (o)

e
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Summary and outlook
The LHC era has finally begun!

o LHC machine commissioning at 7 TeV is going well — much data already delivered

o No major problems at 7 TeV, and clear plan towards L=1032 cm?s at end of year
e Leading on to ~1 fb1 in 2011, before a long 2012 shutdown to enable 14 TeV operation

o0 Experiments are working very well, recording data with high efficiency

Already seeing first LHC physics results

0 Basic event properties in the new energy regime at 7 TeV
* No major surprises, but detailed description by event generators can be improved
0 A start on the b-physics and jet physics programs
o W & Z signals established, on the verge of the top quark
o0 Extend SUSY and exotica exclusion regions this year — or make a discovery?
o Standard Model Higgs requires a little more time —beyond Tevatron reach in 2011

Delivered luminosity profile is ~exponential — but takes time to
analyze and understand the data ...
0 Results shown today have used only a fraction — much more expected soon!
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