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Introduction — why new experiments?

The next generation of experiments: ATLAS
at the Large Hadron Collider

Physics basics — luminosity, cross-sections,
trigger

Physics examples — Higgs, B-physics, black
holes

ATLAS — current status
Lund activities in ATLAS
Student possibilities
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Why do we need yet a
bigger accelerator?
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...and forces

Forces Merge at High Energies
|

‘We know that there are
four forces, but...
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Particle accelerators
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The Large Hadron Collider,

7x10"2 eV Beam Energy

iovom?s*  Lumnosty  Proton-proton collisions:

2835 Bunches/Beam
10" Protons/Bunch @ Length 27 km

Zoﬁ%‘i’nzrgég; croton o Protons are accelerated to E = 7
TeV
e Total energy in collisions 2 x 7
TeV = 14 TeV
e 10 protons in a bunch, 2808
Bunch Crossing 4107 Hz bunCheS in a beam
e Proton beams are held in a
Proton Collisions 10°Hz CirCUIar traCk Wlth

Parton Collisions superconducting dipole magnets

& | New Particle Production (B=8 T' T= 19 K)

(Higgs, SUSY, ....)

e Start autumn 2008.
 Experiments are close to being ready and collect cosmic data.




Muon Detectors Electromagnetic Calorimeters
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http://atlasexperiment.org/
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The ATLAS detector at LHC

_Muon Spectrometer

Muon Detectors Hectromagnetic Calorimeters

Air-core toroid, Precision drift and Trigger chambers
&« P; resolution:~10% at P+ = 1 TeV (standalone)

Forward Calonmeters

Solenowd

End Cap Toroid

~2.3% at P+ = 50 GeV (combined)

Hadranic Calonigeters

Hadron Calorimetry E/M Calorimetry Inner Detector
Fe/Sci + Cu/LAr Pb/LAr 2 T solenoid

GIE~60%NE ® 3%  /E~10%/NE Si (Pixels + Strips) i
Transition

Radiation Tracker

Current LHC Plan : 15t June beam-pipe close and bake-out, 15t injection ~mid-June, 15t collisions
~end of summer, pilot physics run (~1.1x10%2cm2s") looks possible for 2008.

K. Nikolopoulos — SM H— ZZ” —4l Searches in ATLAS — La Thuile 2008 — Feb 29" 2008 % AR oy 2




© LHC  Vs=14TeV L=10%em s
barn
< g inelastic LV1input ——
mb bb
max LV2 input ——
max LV1 output ——
ub
a.\r&
& Wl
- max LV2 output ——
® ZI'T
nb . tt
gg9—Hg,,
pb q9—99Hg A
fb \
Hg—ZZ -4l
® Zon—3y scalar LQ\ Z;=!'T
50 100 200 500 1000 200D

particle mass (GeV)

rate ev/yea

?1ﬂ 17

GHz 10 '®

MHz -10

ST

13

é1u 12

?10 1

10

kHz é1ﬂ
;mg
-10°
Hz —im"'
106
-10°
mHz —;1t'.l4
103
-~ 102

5000

N=oXxL

e Instantaneous luminosity L
= 1034 cm—s!

et=107s (about 1/3 of a
year)

e Integrated luminosity L =
1024 cm=2s1x 107 s =100 fb?
e Number of bbbar events per
year: 500 ub x 100 fb1 =5 x
1013 events

e Number of Higgs events per
year (Higgs to 4 leptons, m,,
= 200 GeV) = 20 fb x 100 fb!
= 2000 events

e Number of SUSY events per
year (with m = 300 GeV and
some model parameters) =
500 pb x 100 fb1 = 50 million
events




Trigger

11

BUT...we cannot collect all this datal

Data can be written on disk/tape at a rate of
max 100-200 Hz - max 108-10° events per

year

TRIGGER = online selection of events which
tries to keep as many as possible of the

Interesting ones, and throw away the non-
Interesting ones

Trigger signatures: for example high-p;
leptons, high-E; jets, missing energy,.

Caveat: how can we define m_beforehand
what is interesting and what is not?

Paula Eerola
FYST17/FKF050, 7 Mar 2008



High-energy physics
analysis
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Higgs physics

The Higgs mechanism (or

something similar) is required to Higgs to 2 photons (M, < 140 GeV)
generate particle masses
. o H® — vy is the most promising channel
Higgs particle has not been found Y M, s the range 80 - 140 GeV.
The high performance PbWO, crystal
yet! p H P eledromagngﬂc_: calorimeT_er in CMS
X —_— O -— has been optimized f_or1h|s sea[ch.
Present tests: Higgs must be Cov s borior han 1%, resutng in a.
heavier than 115 GeV ! S/B of =1/20

LHC: Higgs can be found if mass is
115-1000 GeV

Decay channels: e.g. H=>yy
H>ZZ®™)->4 leptons
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SM Higgs Production and Decay at LHC

5 SM Higgs production
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Virtual Measurement:Mar 07
M, =80 GeV 68%CL (most probable value)

M, <153 GeV 95% CL
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|
Expected Significance

. 2003 RECENT PROGRESS
2 . -
= {Ldtz_’,{)fb1 = ttH (H{l bb) K-factors
& ATLAS H - WwO = Iy pile-up/cavern background
= 6 e » qqH — qq WW . complete material
= d s qqH — qqrr trigger performance _ | isalignments
7 — Total significance ; ; ; ;
“ as-installed detector ~ Miscalibrations
cut optimization
multivariate techniques
10 statistics treatment with systematics
i background extraction from sidebands
NEW
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1
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ATLAS B-physics goals: precision
measurements and new physics

e CP-violation parameters

e B-hadron parameters: masses, lifetimes, widths, oscillation
parameters, couplings, b-production, etc.
e Search for New Physics effects: very rare decay modes, forbidden

decays/couplings, etc.
B, - J/yK'(nr)

JIy —> uulee
B >Dz;B, —>Da

CP violation

Measurement of
B, properties B, —> J/y (uu)g(KK)
B.. > J /ly (pu)n(y)

B, mesons |B, > J/yz;B — J/yuv

A, polarization Ab - J /'//(,U,U)A(pﬂ')

measurements

B, >uxu:B > Kuu
A, > App; BT — @' up

FYST1//FKFOS0,

Rare decays

sin(2B) +®yp

Amg, AT, T, the weak phase ¢,

B, mass, 1, QCD/EW interplay

Asymmetry parameter a,, P,, life-
time measurements

Precise measurements of the
branching ratios and asymmetries




Lifetime measurements with
small statistics

The reconstructed masses and lifetimes of the well-
known control channels are sensitive tests of those
detector features which have a strong impact on B-
physics measurements.

Decay Statistics Statistical error World av today

100 pb1  on lifetime (stat + syst)
B+—J/y K+ 17 000 1.5%
B°— J/y KO 8 700 2.2 % 0.5 %
B.— J/vyéd 900 6 % 2 %
Ay— J/yA 260 |8 % 5 %
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® Motivation 1: B, is a newly discovered particle (about 60 at CDF) -
precision measurement of mass and lifetime

® Motivation 2: Precision reconstruction of B, ground and excited states
can be used to constrain strong potential models.

® FEasiestto fin@onic B.* decays
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Exotic Processes (Mini Black Holes)

e Models with extra dimensions and a reduced Planck scale
may allow the production of mini black holes
+ Parton-parton impact parameter less than Schwarzschild radius

e The black holes evaporate via Hawking radiation
+ Spherical emission of all types of particles

e Example for 2 TeV Planck scale and Mg, > 2 TeV
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Inner Detector Barrel, August 2006



Inner Detector
end-cap,
24 May 2007
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ATLAS Transition
Radiation Tracker
(TRT), electronics
and design partly in
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Our research in Lund-ATLAS

and student possibilities

ATLAS/Grid-group has currently 5 physicists, 4 PhD students, and 2
engineers.

Analysis of B-hadrons, for example B,
— CP violation, precision measurements,...
Black holes, extra dimensions and other exotic signals
— ...and many other possibilities?
Scattering at small angles
— QCD, hadron dynamics, Higgs?,...
Express stream
— Special data stream for calibration and for fast alerts
TRT calibration and data analys
Roman pots — LUCID detector for luminosity measurement
— Installation and data-analys
Possibilities for diploma works - contact us! We give also the necessary
training in computing etc.

Paula.eerola [at] hep.lu.se, 046-222 7695, or anybody else in the division
of Experimental High Energy Physics
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Studies and summer courses

= Master's programme in subatomic physics: see Fysicum
homepage for education

= CERN Summer Student programme: see
http://public.web.cern.ch/Public/

— 3 months summer course at CERN, including research

and lectures. Full salary, travels are reimbursed!

— Over 100 students from CERN member states and some
other countries — typically 4-6 from Sweden every year.

— Requirements: 3 years of studies of physics,
engineering or computing

— Next deadline: end of January 2009
= More info: contact us!
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Thanks!
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